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® Constrained geometry addition polymerization catalysts, processes for their preparation, 
precursors therefor, methods of use, and novel polymers formed therewith. 
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® Metal coordination complexes comprising a metal of Group 3 (except Sc), 4-10 or the tanthanide series and 
a delocalized n-bonded moiety have said moiety substituted with a constrainMndudng moiety which reduces the 
angle at ttie metal between the centroid of said Il-bonded moiety and at least one remaining substituted. 
Preferably, &>e complexes comprise a cyclopentadienyl or substi'tuted cyck>pentadienyl group fonning part of a 
ring structure in which Uie metal is botfi bonded to an adjacent convalent moiety and held in assodation witti the 
(substituted) cyctopentadienyl moiety. Complexes of said preferred structure are not necessarily constrained 
suffidentiy to reduce the said angle. Amidosilane and amidoalkanediyi compounds are particularly preferred. 

The complexes of the invention form addition polymerization catalysts with activing cocatalysts such as 
Lewis adds, ammonium salts, oxidizing agents and. especially, aluminum compounds, particularly aluminum 
trialkyls. 

Novel polymers, including EIPE resins and pseudo-random copolymers, can be obtained using the catalysts 
of the invention. 
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CONSTRAINED GEOMETRY ADDmON POLYMERfZATiON CATALYSTS, PROCESSES FOR THEIR PREP- 
ARATION, PRECURSORS THEREFOR, METHODS OF USE, AND NOVEL POLYMERS FORMED THEREWITH 

The present invention relates to nr^etal coordination complexes having constrained geometry. The 
invention also relates to certain novel addition polymerization catalysts comprising such metal complexes 
having cor^trained geometry. Furthermore, the invention relates to methods for the polymerization of 
addition poiymarizable monomers and to the resulting polymers. 

5 Because of ttie unique exposure of the active metal site of the metal coordination complexes having 
constrained geometry, catalysts resulting therefrom have unique properties. Under certain conditions, the 
catalysts of the invention are capable of preparing novel olefin polymers having previously unknown 
properties due to tt^eir unique fadle abilities to polymerize <r-olefins. diolefins. hindered vinylidene allprfiatic 
monomers, vinylidene aromatic monomers and mixtures tt^ereof. 

70 Numerous metal coordination complexes are known in the art including such complexes Involving 
monocyclopenladienyl groups and substituted monocyclopentadienyl groups. The present metal coordina- 
tion complexes differ from those previously known in the art due to the fact that the metal Is bound to a 
deiocalized substituted n-bonded moiety in a manner so as to induce a constrained geometry about the 
metal. Preferably tiie metal is bound to a cyclopentadienyl, substituted cyclopentadienyl or similar group by 

/5 both a ii^-bond and a bridging linkage including other ligands of the metal. The complexes also preferably 
include metals having useful catalytic properties. 

Also previously known in tiie art are transition metal coordination complexes known as tucked 
complexes. Such complexes are described in Organometallics 6, 232-241 (1987). 

In US Serial No. 8.800, filed January 30. 1987 (published in equivalent fonm as EP 277,004) there are 

20 disclosed certain bis(cyclopentadienyl) metal compounds formed by reacting a bis(cyclopentadienyl) metal 
complex with salts of Bronsted acids containing a non-coordinating compatible anion. The reference 
discloses tt^ fact tiiat such complexes are usefully employed as catalysts in the polymerization of olefins. 
The foregang catalysts are not considered to be particulariy effective olefin polymerization catalysts. 

Previous attempts to prepare copolymers of vinylidene aromatic monomers af>d a-olefins, in particular 

25 copolymers of styrene and ethylene, have eiUier failed to obtain substantial incorporation of the vinyDdene 
aromatic mof>omer or else have achieved polymers of v molecular weight In Polymer Bulletin, 20, 237- 
241 (1988) there is disclosed a random copolymer o^ .lyrene ar>d ethylene containing 1 mole percent 
styrene incorporated therein. The reported polymer yield was 8.3 x 10~* grams of polymer per micromole 
titanium employed. 

30 K has now been discovered that previously known addition polymerization catalysts are incapable of 
high activity and polymerization of numerous monomers t)ecause they lack constrained geometry. 

In one aspect the present invention relates to a metal coordination complex having constrained 
geometry. More particulariy it relates to such coordination complexes that are usefully employed in 
combination with activatir>g cocatalyst compounds or mixtures of compounds to form a catalytic system 

35 usefully emptoyed in the polymerization of addition polymerizable nrionomers, especially ethylertically 
unsaturated monomers. 

In another aspect tf>e present invention relates to a process for preparing certain components cS the 
above metal coordination complexes having constrained geometry and to the precursor compounds 
necessary therefor. 

40 In yet another aspect the present invention relates to a process for preparing addition polymers, 
especially homopolymers and copolymers of olefins, diolefins, hindered aliphatic vinyl monomers, 
vinylidene somatic monomers and mixtures of the foregoing arKl to the resulting polymer products. 

Accorcfing to the present Invention there is provided a metal coordination complex comprising a metal 
of group 3 (other \han scandium), 4-10 or the lanttianide series of the Periodic Table of the Elements and a 

46 deiocalized n-bonded moiety substituted with a constrain-indudng moiety, said complex having a con- 
strained geometry about the metal atom such that ttie angle at the metal between the centroid of the 
deiocalized. substituted n-bonded moiety and the center of at least one remaining substituent is less than 
such ar>gle in a comparative complex differing only in ttiat said constrain-indudng sut)stituent Is replaced by 
hydrogen, ml provMed further tfiat for such complexes comprising more than one deiocalized. substituted 

50 n-bonded moiety, only one thereof for each metal atom of the complex Is a cyclic, deiocalized, substituted 
n-txxided moiety. 

Said metal coordination complexes are referred to hereinafter as "metal coordination complexes of the 
invention". 

In addSon there is provided a metal coordination complex corresponding to the formula: 




10 



26 



wherein: 

M Is a metal of Group 3 (other than scandium), 4-10, or the lanthanide series of the Periodic Table of the 
Bements; 

Cp* is a cyclopentadienyl or substituted cyclopentadienyl group bound in an ^ bonding mode to M; 
Z is a moiety comprising boron, or a member of Group 14 of the Periodic Table of the Elements, and 
optionally sulfur or oxygen, said moiety having up to 20 non-hydrogen atoms, and optionally Cp* and Z 
,5 together form a fused ring system; 

X each occurrence is an anionic ligand group or neutral Lewis base ligand group having up to 30 non- 
hydrogen atoms; 

n is 0. 1, 2, 3, or 4 depending on the valence of M; and 

Y is an anionic or nonanionic ligand group txjnded to Z and M comprising nitrogen, phosphorus, oxygen or 
2Q sulfur and having up to 20 non-hydrogen atoms, optionally Y and Z togettier form a fused ring system. 

There Is also provided according to the present invention a process for preparing a metal coordination 
complex corresponding to the foregoing Formula I comprising contacting a metal compound of the formula 
MXn*2 or a coordinated adduct thereof with a dianionic salt compound corresponding to the formula: 
(L* "VCp'-Z-Y)-' (II) or ((IK) * VCp'-Z-Y)-2 
wherein: 

L is a metal of group 1 or 2 of the periodic table of tiie elements. 
X is fluoro, chloro, bromo. or iodo, 

X and y are either 1 or 2 and the product of x and y equals 2. and M, X, Cp. and Y are as previously 
defined in an inerL aprotic solvent. 

Further ttiere Is provided a process for preparing a metal coordination complex corresponding to the 
foregoing Formula I comprising tiie steps of: 

A) contacting a metal compound of the fonmula MXn^i or a coordinated adduct tiiereof witii a dianionic 
sait compound corresponding to Uie formulas II or III in an inert aprotic solvent and 

B) oxidizing the metal to a higher oxidation state by contacting the reaction product of step A) with a 
^ noninterfering oxidizing agent 

There is also provided a catalyst useful in addition polymerizations comprising the following compo- 
r^ents: 

a) a metal coordination complex of the invention, preferably corresporrding to Formula I. and an activating 
cocatalyst 

^ Further according to the present invention ti)ere is provided a polymerization process comprising 
contacting one or more addition polymerizable monomers under addition polymerization conditions with a 
catalyst comprising: 

a) a metal coordination complex of the invention, preferably corresponding to Fonnula I, and an activating 
cocatalyst 

^ Furtfw still according to the present Invention there is provided a polymer comprising In polymerized 
fonm one or more ^ition polymerizable monomers prepared by contacting an addition polymerizable 
monomer or mixture thereof under addition polymerization conditions with a catalyst comprising: 
a) a metal coordination complex of the invention, preferably corresponding to f^>rmula I, and an activating 
cocatalyst 

^ In still further embodiments there are provided BPE polymers which are highly elastic. Interpolymers of 
ethylene and one or more olefins oUier ttian ethylene. 

In addition ti)ere are provided pseudo-random interpolymers of an o-olefin. particulariy ethylene and a 
vinylidene aromatic monomer, a hindered aliphatic vinylidene monomer, or a mixture thereof* 

The complexes of the invention are usefully employed as catalysts for addition polymerization 
^ processes to prepare polymers that are useful as molded articles, films for packaging applications, and 
foams for cushioning applications; and In the modification of synthetic and naturally occum'rig resins. The 
complexes may also be used as catalysts for hydrogenations, catalytic cracking processes, and In other 
Industrial applications. 
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Rgures 1-5 are computer generated models of constrained geometry complexes of the Invention t>ased 
on single crystal X-ray data. 

Rgures 6 and 7 are computer generated models of metal complexes based on single crystal X*ray data 
showing less constraint than those of Rgures 1-5. 
5 Rgures &-13 illustrate calculated and observed distribution of styrene. ethylene and reversed styrene 
units in ethylene/styrene copolymers ot>senn'ng pseudo-random incorporation rules according to the 
Invention. 

Rgure 14 illustrates lack of agreement t:)6tween calculated and observed distribution of styrene. ethylene 
and reversed styrene units in ethylene/styrene copolymers If completely raruiom incorporation rules are 
10 followed. 

Rgure 15 shows typical rheology curves of a EIPE resin according to the present invention. Shown are 
complex visco^. n** and tan a cun^es as a function of shear rate, for the resin. 

Rgure 16 shows a typical curve of elastic modulus versus melt Index for the BPE resins of the present 
invention. 

15 Rgure 17 shows typical rheology curves of a conventionally prepared polyethylene resin. Shown are 
complex viscosity. and tan 5 curves as a function of shear rate, for the resin. 
By use of the term "delocalized n-bonded moiety" Is meant an unsaturated organic moiety, such as 
those comprising ethylenic or acetylenic functionaiiity, wherein the n-electrons thereof are donated to the 
metal to form a bond. Examples include alkene-. alkenyl-, alkyne-, alkynyl-, allyl-, polyene-, and polyenyl- 
20 moieties as well as unsaturated cyclic systems. 

By use of the term 'constrained geometry' herein is meant that tiie metal atom is forced to greater 
exposure of the active metal site because of one or more substituents on the dekx:alized IT-bonded moiety. 
Preferably the delocalized n-t>onded moiety is a cyclopentadienyl or $ut>stituted cyclopentadienyl group 
fonming a portion of a ring structure wherein the metal is both lx)nded to an adjacent covalent moiety and is 
25 held in association with the delocalized n-bonded moiety through txxids. It is understood that each 
respective txxid between the metal atom and tiie constituent atoms of the dekx^ized IT-bonded moiety 
need not be equivaJent That is the metal may t>e symmetrically or unsymmetrically n-tx)und to the n- 
t>onded moiety. 

The geometry of the active metal site is further defined as follows. The centroid of the n-txxKled moiety 
30 may be defined as the average of the respective X, Y, and Z coordinates of the atomic centers forming the 
n-tx>nded nrwiety. The angle, 9, formed at the metal center t^etween the centroid of the n-bonded moiety 
and each other ligand of the metal complex may be easily calculated by standard techniques of single 
crystal X-ray diffraction. Each of these angles may increase or decrease depending on the molecular 
staicture of the constrained geometry metal complex. Those complexes wherein one or more of the angles. 
35 6. is less than In a similar, comparative complex differing only in the fact that the constrain-inducing 
substituent is replaced by hydrogen have constrained geometry for purposes of the present invention. 
Preferably one or more of the at)Ove angles. 6. decrease by at least 5 percent more preferably 7.5 percent 
compared to the comparative complex. Highly preferably, the average value of all tx>nd angles, 6, is also 
less than in the comparative complex. Most preferably the metal coordination complex having constrained 
40 geometry is in the form of a ring structure, ie. the constrain-inducing substituent Is part of a ring system 
which includes the metal. 

Preferably. nnoriocycbpQntadienyl metal coordination complexes of group 4 or lanthanide metals 
according to the present invention have constrained geometry such that the smallest angle. 6. is less than 
115* , more preferably less than 110* , most preferably less than 105* . 
45 Illustrative atomic arrar)gements of complexes as determined from single crystal X-ray diffraction values 
are shown in Rgures 1-7. 

Rgure 1 shows ttie single-crystal X-ray crystallographically determined structure of (4-methyl- 
phenylamido)dlme&iyl(tetramethyl-ii^-cyclopentadienyl)silanetitanium dichloride. The angle formed by the 
centroid of the cyclopentadienyl ring (C2. C3, C5, C7 and C9). the titanium atom (Til), and the nitrogen 
50 atom (N14)i8 10SJ*. 

Rgure 2 shows the single-crystal X-ray crystallographically determined structure of (t-txityl amido)- 
dImethyl(tetramettiyl-ii'-cyclopentadienyOsilanezirconium dimethyl. The angle formed by the centroid of the 
cydopentadieny! ring (C2« C3. C3'. C5. and C5^, the zirconium atom (ZR1). and the nitrogen atom (N9) was 
determined to be 102.0* . 

56 Rgure 3 shoK the single-crystal X-ray crystallographically determined structure of (phenyl amido)- 
dimethyl(tetramethyl-^'-cyclopentadienyl)stlanetitanium dichloride. The angle formed by the centroid of the 
cyclopentadienyl ring (C2, C3, C5, C7. and C9) . the titanium atom (Til), and the nitrogen atom (N14) was 
detemiined to be 106.1 * . 
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Rgure 4 shows the single-crystal X-ray crystallographtcally determined structure of (tert-butyl amido)- 
dlmethyl(ii'-cyclopentadienyl)sllanezirconlum dichloride. The structure shows that this molecule crystallizes 
as a dimer with 2 bridging chlorides. The angle formed by the centroid of the cyclopentadlenyt ring (C2. C3. 
C4, C5, and C6), the zirconium atom (ZR1), and the nitrogen atom (N10), or the angle formed by the 

6 centroid of the cyclopentadienyl ring (C102, C103. C104. C105. and 0106). the zirconium atom (ZR101), 
and the nitrogen atom (N110) were determined to be 99.1 * . 

Rgure 5 shows the single-crystal X-ray crystallographlcally determined structure of (l-butyl amldo)- 
dimethyl( tetramethyl-ij*-cyclopenladienyl)silanezirconium dichloride. The angle formed by the centroid of 
the cyclopentadienyl ring (CI, C2. C3, C4, and C5) , the zirconium atom (ZR), and the nitrogen atom (N) 

10 was determined to t>e 1 02.0 * . 

Rgure 8 shows the single-crystal X-ray crystaliographically determined structure of (t-butyl amldo)- 
tetramethy!(tetramethylV-cyclopentadienyl)disilanezirconium dichloride. The relatively long disilyl linking 
group ttiat connects the cyclopentadienyl ring to the nitrogen atom of the amide ligand allows the nitrogen 
atom to be less constrained. The angle formed by the centroid of the cyclopentadienyl ring (C2, C3, C5, C7. 

1$ and C9), the zirconium atom (ZR1). and the nitrogen atom (N17) was detennined to be 118.0* . The activity 
of this catalyst towards olefin polymerization is considerably diminished relative to the analogous mon- 
osilane linking group in (tert-butyl amido)dimethyl(tetramethylV-cyclopentad]enyl)silanezirconium dichloride 
(Rgure 5). 

Rgure 7 shows the single-crystal X-ray crystaliographically determined structure of (t-butyl amido)- 
20 tetramethyt(t6tramethyl-i}'-cyclopentadienyi)disilanetitanium dichloride. The relatively long disilyl linking 
group that connects the cyclopentadienyl ring to the nitrogen atom of the amide ligand allows the nitrogen 
atom to be less constrained. The angle formed by the centroid of the cyclopentadienyl ring (C2. C3, C5, C7, 
and C9), the titanium atom (Til), and the nitrogen atom (N17) was determined to be 120.5*. Accordingly, 
the activity of this catalyst towards olefin polymerization is considerably diminished relative to the analogous 
25 mofwsilane linking group in (t-butyl amido)dimethyl(tetramethylV-cyciopentadienyl)siIanetitanium dichlo- 
ride. 

The term "activating cocatalyst' as used herein refers to a secondary component of the catalyst able to 
cause the metal-containing complex to become effective as an addition polymerization catalyst or alter- 
natively to balar)ce the ionic charge of a catalytically activated species. Examples of the foregoing activating 
30 cocatalysts for use herein include aluminum compounds containing an Al-0 bond such as the al- 
kylaluminoxanes. especially methylaluminoxane; aluminum alkyls; aluminum halides; aluminum alkylhalides; 
Lewis adds; ammonium salts; noninterfering oxidizing agents, ie. silver salts, fenrocenium ions, etc.; and 
mixtures of the foregoing. 

Particular techniques for the preparation of aluminoxane type compounds by contacting an aluminum 
3S alkyi compound with an inorganic salt containing water of crystalization are disck)sed in USP 4.542,119. In a 
parBcutarty preferred embodiment an aluminum alkyI compound is contacted with a regeneratable water- 
containing sut)stance such as hydrated alumina, silica, or other substance. A process for preparing 
aluminoxane emptying such regeneratable substance is disclosed in EP 338,044. 

Additksnal suitable activating cocatalysts include compounds corresponding to the formula: 
40 AIR^',^ 
wherein: 

R is each occurrence Ct-io aikyi or aralkyi; 
x' Is hak)gen; and 
n is 1, 2 or 3. 

45 Most preferably such cocatalysts are trialkyi aluminum compounds, particutariy triethyl aluminum. 

•Addition poiymerizable monomers" Include for example ethylenlcalty unsaturated monomers, acety- 
lenic compounds, conjugated or nonconjugated dienes. polyenes, carbon n>onoxide, etc. Prefenred mon- 
omers Include the C2-10 orolefins especially ethylene, propylene, isobutylene, 1-butene. 1-hexene, 4- 
methyhl-pentene, and 1*octene. Other preferred monomers include styrene, hak>- or alkyI substituted 

50 styrene. vinyl chtoride, acrylonitrile, methyl acrylate, methylnieti^acrylate, tetrafluoroethylene, 
mettiacrylonitrile. vinytidene chk>ride. vinylbenzocyclobutane, and 1 ,4-hexadiene. 

By the temn "hindered aliphatic vinylidene compounds" is meant addition poiymerizable vinylidene 
monomers conresponding to the formula: 
CG2=CQ'r' 

5$ wherein R is an sterically bulky, aliphatic substituent of up to 20 carbons, G Independentiy each 
occurrence is hydrogen or methyl, and Q independentiy each occunrence Is hydrogen or methyl or 
altematively G and r' together form a ring system. By the term "sterically bulky" is meant that the 
monomer bearing this substituent Is normally incapable of addition polymerization by standard Zlegler-Natta 
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polymerization catalysts at a rate comparable with ethylene polymerizations. Preferred hindered aliphatic 
vinylidena compounds are monomers in which one of the carbon atoms bearing ethylenic unsaturation is 
tertiary or quaternary substituted. Examples of such substituents include cyclic aliphatic groups such as 
cyclohexane, cyclohexene. cyclooctene. or ring allcyl or aryl substituted derivatives thereof, tert-butyl 
s nortjomyl. etc. Most preferred hindered aliphatic vinylidene compounds are the various isomeric vlnyl-rino 
substituted derivatives of cydohexene and substituted cyclohexenes. and 5^thylidene-2-nortx)mene Espe- 
cially suitable are 1-. 3-. and 4-vinyIcyciohexene. 

By the term "hindered vinyfidene compound" is meant addition polymerizable vinyiidene monomers 
corresponding to the formula: 
10 CG2=CGR' 

wherein r' Is r' or an aryl substituent of up to 20 carbons, and G and q' are as previously defined. For 
example, in addition to hindered aliphatic vinyiidene compounds, hindered vinylidene compounds also 
include the vinylidene aromatic monomers. 

By the term "vinylidene aromatic monomers" is meant addition polymerizable compounds corresoond- 
»5 ing to the formula: 

wherein G independently each occunrence is hydrogen or methyl and Ph is phenyl, or a haJo- or Ci -4 alkyl- 
CG2 = C(G)-Ph 

substituted phenyl group. Prefen-ed vinylidene aromatic monomers are monomers corresponding to the 
above formula wherein G each occun-ence is hydrogen. A most preferred vinylidene aromatic monomer is 
20 styrene. 

By the term "irolefin- is meant ethylene and the C3-10 olefins having ethylenic unsaturation In the a- 
position. Preferred o-olefins are ethylene, propylene. 1-butene. isobutylene. 4-methyl-1-pentene. 1-hexene 
and 1-octene, and mixtures thereof. 

As used herein all reference to the Periodic Table of the Elements and groups thereof shall be to the 
25 version of the table published by the Handbook of Chemistry and Physics. CRC Press. 1987. utilizing the 
lUPAC system for naming groups. 

PrefenBd metal coordination complexes are group 4 or Lanthanide based complexes. Further prefen-ed 
complexes are those comprising a delocalized bonded group which is a cyclopentadienyl or substituted 
cyclopentadienyl group which forms a ring structure with the metaJ atom. Preferred delocalized n-bonded 
moieties are cyclopentadienyl-. indenyl-. and fluorenyl groups, and saturated derivatives thereof which fomi 
a nng structure with the metal atom. Each carbon atom in the cyclopentadienyl radical may be substituted 
or unsubstituted with the same or a different radical selected from the group consisting of hydrocartjyl 
radicals, substituted-hydrocarbyl radicals wherein one or more hydrogen atoms is replaced by a halogen 
atom, hydrocarbyl-subsftuted metalloid radicals wherein the metalloid is selected from Group 14 of the 
35 Periodic Table of the Elements, and halogen radicals. In addition two or more such substituents may 
together fom> a fused ring system. Suitable hydrocarbyl and substituted-fiydrocarbyl radicals, which may be 
substituted for at least one hydrogen atom in the cyclopentadienyl radical, will contain from 1 to 20 carbon 
atoms and Include straight and branched alkyi radicals, cyclic hydrocarbon radicals, alkyl-substltuted cyclic 
hydrocarbon radicals, aromatic radicals and allcyl-substituted aromatic radicals. Suitable organometalloid 
radicals include mono-, dl- and trisubstituted organometalloid radicals of Group 14 elements wherein each 
of the hydrocarbyl groups contain from 1 to 20 carbon atoms. More particulariy. suitable organometalloid 
radicals include trimethylsilyl. triethylsilyl. ethyldimethylsilyl. methyldiethylsilyl. phenyldimethylsilyl. methyl- 
diphenylsilyl. triphenyisilyl. triphenylgermyl. trimethylgermyl and the like. 

In the previously disclosed Fomriula I. suitable anionic Hgand groups. X. are illustratively selected from 
the group consisting of hydride, halo, alkyl. silyl. germyl. aryl. amide, arytoxy. alkoxy. phosphide, sulfide, 
acyl. pseudo hafldes such as cyanide, azide. etc.. acetylacetonate. etc.. or a combination thereof. 

As previously mentioned, the complexes according to the present invention preferably comprise 
structures having altered or enhanced catalytic activity at the metal site when the complex is combined witti 
a cocatalyst In this regard electron donating substituents have been found to improve the catalytic 
50 properties cX the complexes. That is, even ttiough certain of the complexes do not possess constrained 
geometry, the same nevertiieless possess catalytic properties, alone or In combination with activating 
sutistances. 

A highly preferred metal coordination complex corresponds to ttie formulae 
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Wherein R each occun-ence is hydrogen or a moiety selected from the group consisting of alkyI, aryl, silyl, 
germyl, cyano, haJo and combinations thereof (e.g. alkaryl, aralkyi, silyl substituted alkyI, silyl substituted 
aryl. cyanoalkyi, cyanoaryl, haloalkyi, haJoaryl, hakisilyl. etc.) having up to 20 non-hydrogen atoms, or an 
adjacent pair of R groups form a hydrocarbyl ring fused to the cyclopentadienyl moiety; 
X each occun-ence Is hydride or a moiety selected from the group consisting of halo, alkyI, aryl, silyl, 
germyl, arytoxy, afkoxy, amide, siloxy and combinations thereof (e.g. alkaryl, aralkyi, silyl, substituted alkyl,' 
silyl substituted aryl, aryloxy alkyI, aryloxyaryl. alkoxyalkyl, alkoxyaryl. amidoalkyi, amidoaryl. slloxyalkyl.' 
siloxyafyl. amidosiloxyalkyi, haloalkyi, haloaryl, etc.) having up to 20 non-hydrogen atoms and neutral Lewis 
base ligands having up to 20 non-hydrogen atoms; 

Y is -0-. -S-. -NR'-, -PR'-, or a neutral two electron donor ligand selected from tfie group consisting of OR* 
SR\ NR*2. or PR*2; 

M is as previously defined; and 

Z is SiR'2. CR-2. SiR-2SiR-2. CR-2CR'2. CR- = CR-. CR-2SiR-2. GeR-2. BR-, BR'z; wherein: 
R* each occurrence is hydrogen or a moiety selected from tfie group consisting of alkyI, aryl, silyl. 
hatogenated alkyI, halogenated aryl groups and combinations tiiereof (e.g. aralkyi, alkaryl, haloalkaryl and 
haloaralkyi) having up to 20 non-hydrogen atoms, or two or more R* groups from Y, Z. or boUi Y and Z fomi 
a fused ring system. 

It should be noted that whereas formula I and the following formulas indicate a cyclic structure for ttie 
catalysts, when Y is a neutral two electron donor ligand. the bond between M and Y Is more accurately 
referred to as a coordinate-covalent bond. Also, it should be noted ttiat ttie complex may exist as a dimer or 
higher oligomer. 

Further preferably, at least one of r'. Z, or R* is an electron donating moiety. Thus, highly preferably Y 
is a nitrogen or phosphorus containing group corresponding to the formula -N(R 'y or -P(R")-. wherein r'* 
is Ci-io aikyi or aryl, ie. an amido or phosphide group. 

Most highly prefen^ed complex compounds are amidosilane- or amWoalkanediyI- compounds cor- 
responding to the formula: 




wherein: 

M Is titanium, zirconium or hafnium, bound in an ii' bonding mode to the cyctopentadlenyl group; 

R each occurrence Is hydrogen or a moiety selected from tiie group consisting of silyl. alkyI, aryl and 

combinations ttiereof having up to 10 carbon or silicon atoms or an adjacent pair of r' groups form a 

hydrocarbyl ring fused to Vhe cyclopentadienyl moiety: 

E is siOcon or cartxxi; 

Xeach occurrence is hydride, halo, alkyl, aryl, aryloxy or alkoxy of up to 10 carbons; 
m is 1 or 2; and 

nis 1 or 2 depending on the valence of M. 

Examples of the above most highly preferred metaJ coordination compounds include compounds 
wherein tt>e R on the amIdo group is methyl, ethyl, propyl, butyl, pentyl, hexyl. (Including Isomers), 
norbomyl, benzyl, phenyl, etc; the cyclopentadienyl group is cyctopentadlenyl. indenyl, tetrahydroindenyl, 
fluorenyl, octahydroffuorenyf. etc: R on the foregoing cyclopentadienyl groups each occunrence is hy- 
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drogen. methyl. ©thjfJ, propyl, butyl, pentyl. hexyl. (Including isomers). nort)omyl. benzyl, phenyl, etc.: and X 
to chJoro. bromo. lodo. methyl, ethyl, propyl, butyl, pentyi. hexyl. Oncluding Isomers), norbomyi, benzyl, 
phenyl, etc Specific compounds include: (tert-butylamido)(tetramethyl-i,»-cycIopentadlenyl)-l^-ethanedIyl- 
zlrconium dichiorfete. (tort-butyiamido)(tetramethyh|Ss:yclopentadlenyi>-1.2-«thanediyltitanIum dlchlorlde 
{melhylamldo)(tetrainethyl-,«-cycIopentadlenyl>-1 5-ethanediylzirconlum dlchlorlde, (methylamido)^ 
(tetramethyl^'-cyclopentadienyi>-1 .2-ethanediyltitanlum dichloride. (ethylamldo)(tetramethyH»-cyc!open- 
tadienyl>Hnelhylenelftanlum dichloride. (tert-butylaniido)dimethyl(tetramethyh»-cyclopentadienyl)- 
aianeatanlum dichloride. (tert-butylamido)dlmethyi(tetramethyl-,s-cydopentadlenyi) sllanezirconlum diben- 
zyl. (benzylamido)(flmethyiaetramethyl-,5-cyclopentadlenyl)silanetitanium dichloride. (phenylphosphldo)- 
dimethyl{lBtramethyh'-cyclopentadienyl)silane2irconium dibenzyl. and the like. 

Th9 complexes can be prepared by contacting the metal reactant and a group I metal derivative or 
Grignard derivative of the cyclopentadienyl compound in a solvent and separating the salt byproduct 
Suitable solvents for use in preparing the metal complexes are aliphatic or aromatic Oqulds such as 
cyclohexane. methylcyclohexane. pentane. hexane. heptane, tetrahydrofuran. diethyl ether. Ci-« alkyi 
ettiers of mono- or diethylene glycol. C,-» alkyl ethers of mono-or dipropylene glycol, benzene, toluene, 
xylene, ethylt>enzene. etc.. or mixtures thereof. 

In a preferred embodiment the metal compound is MX„.,. ie. M is in a lower oxidation state than in the 
corresponding compound. MX„.2 and the oxidation state of M in the desired final complex. A noninterfering 
oxidizing agent may thereafter be employed to raise Uie oxidation state of the metal. The oxidation Is 
accomplished merely by contacting the reactants utilizing solvents and reaction conditions used In the 
preparation of the complex itself. By the term "noninterfering oxidizing agent" Is meant a compound having 
an oxidation potential sufficient to raise ttie metal oxidation state wiUiout Interfering wiUi the desired 
complex fbnnation or subsequent polymerization processes. A particulariy suitable noninterfering oxidizina 
agent is AgCL 

In order to assist in the handling of the metal compounds emptoyed in the present process correspond- 
ing to the formula MX„,2. It may be beneficial first to form a solid adduct thereof by the use of a suitable 
coordinati-ng agent according to well known techniques in the art For example, whereas titanium tetrachlo- 
ride IS a fuming Dquid which is difficult to handle, one may first form an adduct of TICU witti an ether, 
tertiary amine, tertiary phosphine or other basic nonprotic compound. The resulting soHds may be more 
easily handled. A preferred coordinating adduct is teb^ydrofuran. 

The reactfons empkiyed in preparing ttie metal complex may be conducted eitfier heterogeneously or 
homogeneously. That is. the various reactants or the resulting product need not be substantially soluble In 
the solvent mixture. Generally the reactants are contacted under an inert atmosphere for a time from 
several minutes to several days. Agitation may be employed if desired. The temperature of ttie reaction Is 
generally from -90 C to 150 C. preferably from -20* C to 70* C. 

Suitable catalysts for use according to ttie present invention are prepared by combining tt>e metal 
coordination compound and activating cocataJyst compound in any order and in any suitable manner. 
Preferably fiie ratio of the coordination complex and cocatalyst on a molar basis is from 1.-0.1 to 1:10.000. It 
will, of course, be appreciated that the catalyst system may also be formed bi situ if ttte components 
thereof are added directly to the polymerization process and a suitable solvent or diluent including 
condensed monomer. Is used In said polymerization process. Suitable solvento Include toluene, ethylben- 
zene. alkanes and mixtures thereof. In certain cases the catalysts may be isolated from solution and 
retained under Inert atmosphere prior to use. The catalysts' components are sensitive to both moisture and 
oxygen and shouW be handled and transferred in an inert atmosphere such as rttrogen. argon or heHum or 
under vacuum. 

The polymerizafion is usually conducted according to known techniques for Ziegler-Natta or Kamlnsky- 
Sinn type polymerizations. That is. the monomer(s) and catalyst are contacted a temperature from -30* C 
to 250 C. at reduced, elevated or atmospheric pressures. The polymerization is conducted under an Inert 
atmosphere which may bo a blanketing gas such as nitrogen, argon, hydrogen, ettiylene. ete. or under 
vaojum. Hydrogen may additionally be utilized in the control of molecular weight through chain termination 
as Is previously Imown In the art The catalyst may be used as is or supported on a suitable support such 
as alumina. MgCb or sIDca to provide a heterogeneous supported catalyst A sohrent may be emptoyed if 
desired. Suit^ solvents include toluene, etfiylbenzene. and excess vinyOdene aromatic or olefin mon- 
omer. The reaction may also be conducted under solution or slurry conditions. In a suspension utilizing a 
perfluorinated hydrocartwn or similar Oquld. in ttie gas phase, ie. utiOzlng a fiiddized bed reactor, or In a 
sofid phase powder polymerization. A catalyticaJly effective amount of the present catalyst and cocatalyst 
are any amounts ttiat successfully result In formation of polymer. Such amounts may be readily determined 
by the routine experimentation by the sldlled artisan. Preferred amounts of catalyst and cocatalyst are 
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sufficient to provide an equivalent ratio of addition polymerfzable monomerxatalyst of from IXIO'^:! to 
100:1, preferably from 1X10«:1 to 500:1. most preferably 1x10«:1 to 1000:1. The cocatalyst Is generally 
utilized In an amount to provide an equivalent ratio of cocatalyst:catalyst from 10.000:1 to 0.1:1, preferably 
from 1.000:1 to 1:1. 

It Is to be understood that the metal complex may undergo various transformations or form Intennedlate 
species prior to and during the course of a polymerization. Thus other precursors could possibly be 
conceived to achieve the same catalytic spedes as are herein envisioned without departing from the scope 
of the present invention. 

The resulting polymeric product is recovered by filtering or other suitable technique. Additives and 
adjuvants may be incorporated in the polymers of the present invention in order to provide desirable 
characteristics. Suitable additives include pigments. UV stabilizers, antioxidants, blowing agents, lubricants, 
plasticizers. photosensitizers. and mixtures thereof. 

In tile preparation of copolymers containing vinylldene aromatic or hindered afiphatic vinyl monomers It 
is desirable that a comonomer that is an a-olefin that is not particulariy sterically hindered also be 
employed. Without wishing to be bound by any particular theory of operation. It Is believed tills Is because 
the active site becomes crowded with the incorporation of the hindered vinyl compound making it unlikely 
that anotiier hindered vinyl compound could enter into the polymerization as the next monomer in the 
sequence. After ttie incorporation of one or more olefins other than a hindered vinyl compound the active 
site once again becomes available for inclusion of a hindered vinyl monomer. On a limited basis however, 
the vinylidene aromatic monomer or sterically hindered vinyl monomer may Insert Into the polymer chain In 
reverse order, ie. so as to result in two methylene groups between the substituted polymer backbone 
moiety. 

Preferably such polymers possess a Mw of greater tfian 13,000. more preferably greater than 20.000 
and most preferably greater than 30.000. Also preferably such polymers possess a melt index (Ij). ASTf^ 
D-1238 Procedure A. condition E. of less than 125. more preferably from 0.01 • 100 and most preferably 
from 0.1 to 10. 

Due to the use of the previously mentioned catalyst system comprising a coordination complex having 
constrained geometry, copolymers may be prepared that incorporate relatively bulky or hindered monomers 
in substantially random manner at low concentrations, and at higher concentrations according to an ordered 
insertion logic. The copolymers of arolefins. especially ethylene and a hindered aliphatic vinylidene 
compound or vinylidene aromatic monomer can further t>e described as 'pseudo-random". That is. tfie 
copolymers lack well defined blocks of either monomer, however the respective monomers are Gmited to 
insertion according to certain rules. 

These mies were deduced from certain experimental details resulting from an analysis of the polymers. 
The polymers were analyzed by '^C NMR spectroscopy al 130*C with a Varian VXR.300 spectrometer at 
75.4 MHz. Samples of 200 to 250 mg polymer were dissolved In 15 mL of hot o-dichlorobenzene/1. 1,2.2- 
tetrachloroethane^2 (approximately 70/30. v/v) which was approximately 0.05 M in chromium (III) tris- 
(acetylacetonate) and a portion of the resulting solution was added to a 10 mm NMR tube. The foltowing 
parameters and conditions were used: spectral width. 16.500 Hz; acquisftion time 0.090 s: pulse width. 36* ; 
delay. 1.0 s with the decoupler gated off during the delay,: FT size 32K; number of scans, >30,000; line 
broadening, 3Hz, Spectra, as recorded were referenced to tetrachtoroethane-d2 (f73.77 ppm, TMS scale). 

Therefor, without wishing to be bound by any particular theory, the results of the foregoing experimental 
procedures indicate that a particular distinguishing feature of pseudo-random copolymers is the fact that all 
phenyl or bulky hindering groups substituted on the polymer backbone are separated by 2 or more 
methylene units. In other words, ttie polymers comprising a hindered monomer of the present invention can 
be described by tt)e following general formula (using styrene as the hindered monomer for illustration): 



CH 



CHg— CH 



-CH2 -^CHgj 



CH 





I 



where j, k, and / ^ 1 
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In further explanation of the foregoing experimental and theoretical results, and without wishing to be 
bound by any particular theory ft can be concluded that during the addition polymerization reaction 
employing ttie present catalysts. It a hindered monomer is inserted into the growing polymer chain, tiie next 
monomer inserted must be ethylene or a hindered monomer which Is Inserted in an inverted or "tail-to-tail" 
fashion. This is iflustrated below for a hindered vinyl monomer where M Is the catalyst metal center, HQ Is a 
hindering group, and P Is the growing polymer chain: 



TO 



>5 



HG 



M-P 



/ 



hindered monomer 
insertion 




HG 



20 



r 



HG 



ethylene insertion 




HG 





HG head-to-tail 
^ not allowed 

HG HG 



^During the polymerization reaction, ethylene may be inserted at any time. After an inverted or "taii-to- 
45 tail- hindered monomer insertion, the next monomer must be ettiylene. as the Insertion of anottier hindered 
monomer at tfiis point would place the hindering substituent closer togetfier than ttie minimum separation 
as descnbed above. A consequence of these polymerization rules is the catalysts of ttiis Invention do not 
homopolymerize styrene to any appreaable extent while a mixture of ethylene and styrene is rapidly 
polymerized and may give high styrene content (up to 50 mole percent styrene) copolymers. 
50 As a further illustration of the description of ttie a-oiefin/hindered mononw copolymer of the present 
invention, a computer model of the polymerization reaction was used to calculala the expected ''C NMR 
spectrum of the polymer product The computer program utilized a random number generator to select 
eittier ot-olefin or hindered monomer to be inserted into a growing polymer chain, tiien calculated the 
number of each type of "C NMR signals resulting from that insertion. Polymers were computer generated 
55 by repeating this process for 10.000 or more monomer insertions, and tfie resulting calculated "C NMR 
spectrum was compared to actual experimental "C NMR spectra for pseudo-random ethyiene/styrene 
copolymers ct the invention. 

Computer simulations of ttie polymer and resulting "C NMR spectra of the calculated pseudo^dom 
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emytene/styrene copolymers were performed using the constraint that If styrene monomer were Inserted 
into the growloQ polymer chain, the next monomer Inserted must be ethylene or a styrene which Is Inserted 
In an Inverted or -tall-to-tair fashion. Optimum fits between experimental and calculated spectra were 
obtained If appiroamately 15 percent of the styrene Insertions are in the "tall-to-tall" manner. The observed 
arid calculated «C NMR spectra for such pseudorandom ethylene/styrene copolymers containing 14 48 
9.0. 13. 37. and 47 mole percent styrene are shown in figures 8-13. In each case, the observed* and 
calculated spectra are in excellent agreement 

Computer simulation of the polymer and resulUng '3C NMR spectra of completely random «. 
olefinrtiindered monomer copolymers were then performed using no constraints on hindered monomer 
InsertJon. In other words, the hindered monomer was allowed to insert into the growing polymer chain after 
a previous hindered monomer Insertion if the random number generator selected hindered monomer as the 
next monomer to be Inserted. The calculated spectra for these completely random copolymers do not agree 
wWi the obsen«d '»C NMR spectra, as shown In figure 14 for a 37 mole percent styrene contalnino 
ethylene/styrene copolymer. 

Prior to polymerizaUon according to the present process the monomers and solvents, if any may be 
punfied by vacuum • istillation. and/or contacted with molecular sieves, silica, or alumina to remove 
Impurities. In addition, reactive blanking agents, such as trialkylaluminum compounds, alkali metals and 
metal alloys, especially Na/K. may be used to remove impurities. 

Suitable vinylldene aromatic monomers which may be employed according to the present invention 
Include styrene as well as o^netiiyl styrene. the C-C* alkyh or phenyl- ring substituted derivatives of 
styrene. such as ortho-. meta-. and para-meUiylstyrene. or mixtures ttiereof. ttie ring halogenated styrenes 
vinylbenzocyclobutanes. and divinylbenzene. A preferred vinyiidene aromatic monomer is styrene 

In tf>e polymerization of vinyiidene aromatic monomers or hindered aliphatic vinyiidene compounds and 
olefins tt)e monomers are preferably combined in a proportion so as to achieve a vinyiidene aromatic 
monomer (or hindered aliphatic vinyiidene compound) content of at least 1.0 mole percent in «ie resultina 
pohrmer more preferably from 1 .5 to less tfian 50 mole percent, highly preferably 5.0 to 48 mole percent 
and most preferably from more tfian 8.0 up to 47 mole percent. Preferred operating conditions for such 
polymenzation reactions are pressures from atmospheric to 1000 atmospheres and temperatures from 
30 C to 200 C. Polymenzations at temperatures above tfie autopolymerization temperature of ttie respec- 
tive monomers may contain small amounts of homopolymer polymerization products resultina from free 
radical polymerization. 

Certain of the polymers prepared according to ttie present invention, especially copolymers of ettiylene 
and an «-olefln ottier ttian ettiylene. are characterized by unique rtieotogical properties. In particular it has 
been found ttiat ttie polymers (hereinafter called Elastic Polyettiylenes or BPEs) are less Newtonl^ ttian 
conventionally prepared linear polyettiylene resins of similar olefin content The polymers also have higher 
elasbc modulus partfculariy at high melt indices compared to such conventional polymers. This property 
makes ttie resin especially useful in ttie formation of films, foams and fabricated articles, for example by 
blow mowing techniques. The above phenomenon is more particularly defined by reference to Rgure 16 
wherein complex viscosity. measured in poise at 190* C . is ptotted as a function of shear rate « 
measured In radians per second for a typical BPE copolymer of ettiylene and 1-octene according to ttie 
invention. The slope of ttils curve indicates ttie melt is highly non-Newtonian. The actual values of and «. 
utilized in the graph are: 











V 




1.662 X 10^ 
1.511 X 10^ 
1.115 X 10^ 
8282 X 10* 
6.322 X 10* 
4.920 X 10* 
3.956 X 10* 


0.01000 
0.01585 
0.02512 
0.03981 
0.06310 
0.10000 
0.15850 


3230 X 10* 
2.713 X 10* 
2.293 X 10* 
1.966 X 10* 
1.701 X 10* 
1.464 X 10* 
1265 X 10* 


02512 
0.3981 
0.6310 
1.0000 
1.5850 
2.5120 
3.9810 


1.088 X 10* 
9.336 X 103 
7.964 X 10» 
6.752 X 10» 
5.677 X 10» 
4.721 X 10» 
3.854 X 103 


6.310 
10.000 
15.850 
25.120 
39.810 
63.100 
100.000 



Also plotted In Figure 15 is ttie tan < value of ttie same BPE polymer. This value is unltiess and Is 
calculated by dh*JIng ttie viscous modulus value by ttie elastic modulus. The actual values of tan < and » 
utilized in the graph are: 



1 J 
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10 



tan 5 



0.5526 
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0.6597 
0.7971 
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1.737 
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0.3981 
0.6310 
1.0000 
1.5850 
2.5120 
3.9810 



tan( 
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For improved performance in melt blowing applications preferably the tan 5 value Is from 0.1 to 3 0 for 
shear rates between 0.01-100 radiaa'sec. 

A further property of EIPE polymers Is illustrated by reference to Rgure 16 . The elastic modulus In 
dyne&cm^, Q . at 0.1 radian/sec.. and 190* C for several ethylene/1 -octene 0PE resins is plotted as a 
function of melt index. The resins utilized include those of Examples 11, 12, 14-18. 18-22, 24-26, 30 and 31. 

The values of melt index and elastic modulus utilized in the graph are as follows: 
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Typical properties of and « for a conventionally prepared polyethylene resin are provided in Rgure 
17 for comparison purposes. 

K is readily seen that EIPE resins are characterized by high elastic modulus in the melt In particular 
BPE resins have a melt index ((I2). ASTM D-1238 Procedure A. condition E). less than 200. preferably less 
than 125. most preferably less than 50 and an elastic modulus greater than 1000 dyne/cm^, more preferably 
greater than 2000 dyne-'cm^. All of the foregoing rheological measurements are performed by standard 
techniques such as are disclosed in H. A. Barnes et al.. Introduction to Rheology. Elsevier, publishing. Inc. 
1989. Densities nonnaliy range from 0.85 to 0.97 g/ml. preferably from 039-OJr gAnl. Molecular weight 
distributions (MWMn) are greater than 2.0. preferably from 3.0-10.0. Typically melting points range from 
50 C to 135 C. 

Prefen-ed polymers additionally demonstrate properties of homogeneous polymers as defined In USP 
3.645.992, ie. ethylene copolymers having substantially random comonomer distribution within a given 
nr>olecute and substantially the same ethylene/comonomer ratio between molecules* Polymers produced at 
elevated polymerization temperatures, especially temperatures greater ttian 130* C. may exhibit a heteroge- 
neous melt curve. The polymers of tiie invention are further marked by high clarity. In particular the 
polymers have better optical properties, especially lower haze tiian typical ethylene polymers, making tiiem 
especially well suited for film and Injection mokOng applications. 

In addition tt)ose polymers comprising an olefin and a vinylkJene aromatic monomer, especially 
ethylene and styrene. have surprisingly been found to possess elastomeric properties. Thus, sudh polymers 
are uniquely suited for use in applications for tfiermoplastic elastomers such as Impact modification of 
tfiermoplastic and ttiermosetting polymers including bitumens: adhesives; elastomeric moldings; etc 

The polymers of the invention may be modified by typical grafting, crosslInHng, hydrogenation, 
functionaBzing, or other reactions well known to tfiose skilled In tt^ art With particular regard to ttie 
polymers comprising vinylidene aromatic, vinylcyclohexene. or 1 ,4-hexadieTO functionality, the same may 
be readily sulfonated or chlorinated to provide functionalized derivatives according to established tech- 
nk)ues. Additionally, the vinyk:yck)hexene based polymers are readily crossOnkable by reaction of ttie 
unsaturated ring functionality. 
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The polymers of the present Invention, wtiether or not further modified, may be blended with synthetic 
or natural polymers to provide blends having desirable properties. In particular polyethylene, ethylene/a- 
olefin copolymers, polypropylene, polystyrene, styrene/acrylonitrile copolymers (Including rubber modified 
derivatives thereof), syndiotactic polystyrene, polycarbonate, polyamlde, aromatic polyester, polylsocyanate, 
polyurethane, polyacrylonitrile, silicone, and polyphenyleneoxlde polymers may be blended with the 
polymeric composRtons of the present invention. The polymeric modifier Is utilized In amounts from 0.1 to 
99.0 preferably 0.5 to 50 weight percent 

In a highly preferred emlxxJiment of the invention the polymers containing ethylene and styrene are 
elastomeric as defined in the definition of an elastomeric substance by ASTM Special Technical Bulletin No. 
184 as a sul>stance that can be stretched at room temperature to twice Its length and will return to its 
original length upon release. 

In addition to modification of synthetic thermoplastics the present polymers are also usefully employed 
as modifiers for asphalt or bitumen compositions. Desirably the polymers of styrene/ethylene are utilized In 
this manner. 

TTie term •bitumen* can generally be defined as mixtures of hydrocartx}ns of natural or pyrogenous 
origin or combinations of both, frequently accompanied by their non-metallic derivatives, which may be 
gaseous, liquid, semi-solid or solid, and which are usually soluble in carboa disulfide. For the purposes of 
the present invention, bitumen of a liquid, semi-solid or solid nature may be utilized. From a commercial 
standpoint, bitumen is generally restricted to asphalts and tars and pitches. A listing of various bituminous 
materials which can be utilized in the present invention include the following: 

I. Asphalts 



1 . Petroleum AsphaKs 



A. Straight-reduced asphalts 

1 . Atmospheric or reduced-pressure reduction 

2. Solvent precipitated, as with propane 

B. Thermal asphalts, as residues from cracking operations on petroleum stocks 



C. Air*blown asphalts 

1. Stralght-bk)wn 

2. "Catalytic'-btown 

2. Native Asphalts 



A. With mineral content below 5 percent 

1* Asphaltites such as gilsonite. graphamite. and glance pitch 
2. Bermudez and ottier natural deposits 

B. With mineral content over 5 percent 

1 . Rock asphalts 

2. Trinklad and other natural deposits 
n. Tars and Derh^atives 



1. Residua from coke-oven-dried coal tars 
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A. Coal tars reduced to float grades, as RT (road tar) grades for paving purposes 

B. Coal-tar pitches, with reduction carried out to soflenlng-point grades 

2. Residua from other pyrogenous distillates as from water-gas, wood, peat bone, shale, rosin, and fatly 
add tars. 

As can be readily appreciated by those skilled in the art the weight average molecular weight of the 
various bitumens can vary over a very wide range, for example such as from 500 to 10.000. Additionally, 
the softening point of the various types of asphalt will also vary such as from 50* F to 400* F. 

Of the many types of asphalts which may be utilized, petroleum, and native are desired, with petroleum 
being preferred. Of the petroleum asphalts, the thermal asphalts are preferred. 

The amount of bitumen utilized in the compositions of the Invention preferably ranges from 65 to 99 
parts by weight with prefened amounts ranging from 80 to 98 parts by weight 

Having described the invention the following examples are provided as further illustrative and are not to 
be construed as limiting. Unless stated to the contrary parts and percentages are based on weight 



^^P'Q 1 Preparation of (T ert-butylamido)dimethy!( tetramethyl>i>s -cyclopentad lenyOsilane zirconium di- 
chloride ~ " ~ " 



To 0.443 g (1.90 mmol) ZrCU in a flask was added 8 ml diethyl ether, then 15 ml tetrahydrofuran 
(TMF). To the resulting slurry was slowly added a solution of 0.500 g (1 .90 mmoO dilithlum (tert-butylamldo)- 
dimelhyl(letramethylcyclopentadienyl)silane in IS mL THF. The resulting yellow solution was stirred for 
several days. The solvent was removed to give a gummy residue, which was extracted witii 5/1 (volume) 
diethyl elherpentane and filtered from a white solid. The solvent was removed from tiie yellow filtrate to 
give a nght-yellow powder. Recrystaiiization from etiier/pentane (5/1) yieWed the product (C5Me4(Me2SI-N- 
tert-Bu)ZrCl2) as an off-white crystalline solid. The yield was 0.2207 g (28.2%). Wentification was made by 
■3C and 'H NMR. 



Polymerization 

A. Rve ml of a 1.009 M soluUon of mettiyl aluminoxane (MAO) in toluene was added to a shot tank 
containing 25 mL of 4-meUiyl-1-pentene. The catalyst solution was prepared by adding 500 UL of a 
0.01172 M solution of C^5Me4(Me2Si-N-tert-Bu)Zra2 in toluene to 2 mL of toluene in a second shot tank. 
Botfi shot tanks were sealed, removed from the glove box, and attached to a 600 mL stainless steel 
pressure vessel. The pressure vessel was evacuated and purged with argon. 

The 4-methyl-1-pentene/toluene/MAO solution was added to the pressure vessel and warmed to 89*C 
under 620 kPa (90 psig) ethylene with stining. Upon addition of the catalyst solution to the 4-metiiyl-l- 
penteneMAO/ettiylene mixture, ttie ethylene pressure was increased to 1240-1275 kPa (180-185 psig). After 
2 hours the solution was cooled to 30* 0 and vented. The yiekJ of polymer obtained after drying under 
reduced pressure at 100* C overnight was 10.0 g. ^^0 NMR analysis of the polymor showed It to be a 
random copolymer of etfiylene witii 4-methyl-1-pentene. 

B. The polymerization procedure of Polymerization A was essentially repeated except that 50 mL of 1- 
hexene was used instead of 4-meUiy 1-1 -pen tone and tfw catalyst concentration was 0.01012 M in 
toluene. The catalyst solution was added to the 1-hexene/MAO/ettiylene mbcture and ttie ethylene 
pressure was increased to 1240-1275 kPa (180-185 psig). When the catalyst solution was added the 
temperature of ttie reaction climbed to 139* C. After 30 minutes the solution had cooled to 100* C. 
Heating and etiiylene feed were discontinued and the reactor was cooled and vented. The yield of 
polymer obtained after drying under reduced pressure at 100* 0 overnight was 36.8 g. ^'C NMR analysis 
of ttie polymer showed it to be a random copolymer of etiiylene witti 1-hexene (8 percent on a mole 
basis). 

C. The polymerization procedure of Polymerization A was essentially repeated except that 213 uL of the 
catalyst solution (0.01172 M in toluene) was used, and 143 mg of solid MAO was used. No additional 
olefin was added. When the catalyst solution was added to ttie reactor ttie temperature increased to 
109 C due to ttie exottiermic polymerization reaction. The reaction was halted after 1 hour by cooling 
and ^venting ttie reactor. The yield of polyettiylene obtained after drying under reduced pressure at 
100*0 overnight was 11.0 g. 
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0 150 mL of toluene was added to the pressure vessel employed In Polymerization A. followed by 100 o 

2f '"iS'o ,r *° ^ 3 ° « 8* C. The reaction mixture was quenched 

acidic "«»«nol and 0.38 g of a white, tacky material was obtained. '3C NMR analysis of tSe 
polymer showed It to be atactic polypropylene. «ioiy»i9 o, me 

^mpte 2 Preparafion of rert-butylarTiido)dimethyl(tetramethvU»<yclopentadienyl)silanetltanlu^ dichlo- 



Preparation 1 



(a) (Chloro)(dime«hyl)(tetramethylcyclopentadi-2.4-enyl)silane 

»hhJ? ' ^ ^^^^ """"'^ dimethyldichlorosiiane in 150 mL THF cooled to -40*0 was slowly 

added a solubon of 8.00 g (55.6 mmol) sodium 1.2.3.4.tetramethylcyclopentadienlde In 80 mL THF Vhe 
Z r " '° '° temperature and was stirred overnight. The solvne w2 

removed, the re^ue was extracted with pentane and filtered. The pentane was rerJoved under r^u^ 
pressure to give the product as a light-yellow oil. The yield was 10.50 g (88.0%) 'H NMR ((DeCfeU 2 
1H). 1.9, ,s. 6H). 1.71 (s. 6H). 0.14 (s. 6H): '^C NMR (CDs) i 137.8. Isls SsI 14 611 4. S^B^^^ ' " 

(b) (Tert-butylamino)(dimethyl)(tetramethylcyciopentadi-2.4-enyl)silane 

«f nnn'!;''S'n '"'WlV T^'^ ^'"^ ^ '^"""O 5 minutes to a solution 

tenl^ ^ (6^5 rnmol) (chloro)(d.methyl)(tetramethylcyclopentadienyl)silane in 300 mL THF. A predpitate 
formed immediately. The slurry was stirred for 3 days, then the solvent was removed, the residue wa^ 
oxtra^ed w.th pentene and filtered. The pentane was removed under reduced pressure to give *e p'odTS 
as a light-yellow oil. The yield was 14.8 g (97.2%). MS: 251 'H NMR (CD,) » 2.78 (s im 2 01 te ewV 
1.84 (s. 6H). 1.09 (S. 9H). 0.10 (s. 6H): ''c NMR (CD,, * 135.4. 133.2. S^S.^i. 33 8. iko l"l ^' 

(c) Dilithium (tert-butylamido)(dimethyl)-(tetramethylcyclo-pentadienyl)silane 

inn^°,^ V ^ ^"-^^ (»«rt^,utylaminoKdlmethyl)(tetramethylcyclopentadienyl)sllane In 

(d) (Tert-butylamido)dimethyl(tetramethyl-,5-cyclopentadienyl)silane titanium dichlorid© 

wanS 'te^iv Mr^'^KSL.""?'*^*' "^IT^ *° ^ <-'^'<^> mixture was allowed to 

mmoO diHthium (tert-butylamido)(dimethyl)tetramethyk:yclopentadienyOsllane in 30 mL THF. The ilution 
™« m *LT" temperature while stimng overnight The solvent was removed from the 

resulting very darit solution. The residue was extracted with pentane and filtered. Cooling in a freezer 

^^r^ '^J' ! "^'^ ^^"^ reddish-brown material from a Dght yellow^reen crystalline 

solid^The solid was filtered out and recrystallized from pentane to give the oD^r^n p^uct The yield 



Preparation 2 
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In a drybox, 4Xi mL of 2.0 M Isopropylmaonasium chloride In diethyl ether was syringed into a 100 mL 
flask. The ether was removed under reduced pressure to leave a colorless oil. 20 mL of a 4:1 (by volume ) 
toluene:THF nirture was added followed by 0.97 g <rf (lert-butylamIno)dlmethyl- 
(letramethylcyclopentadlenyl)$llane. The solution was heated to reflux. After 8-10 hours, a white precipitate 

0 began to form. After refluxing for a total of 27 hours, the solution was cooled and the volatile materials were 
removed under reduced pressure. The white solid residue was slunried In pentane and flllered to leave a 
white powder (123 g, 62 percent yield) of Me4CsSiMe2N-t-BuMg2Cl2(THF)2. 

In the drybox, 0.50 g of T1Cl3(THF)3 was suspended In 10 mL of THF. 0.69 g of solid Me4C5SiMe2N-t- 
BuMg2Cl2(THF)2 was added, resulting in a color change from pale blue to deep purple. After 15 minutes, 

10 0.35 g of AgCI was added to the solution. The color Immediately began to Dghten to a pale green-yellow. 
After 11/2 hours, the THF was removed under reduced pressure to leave a yel tow-green solid. Toluene (20 
mL) was added, the solution was filtered, and the toluene was removed under pressure to leave a yellow- 
green microcrystalline solid, 0.51 g (quantitative yield ). The product's Identity was confirmed as (tert- 

l>utylamido)dimethyl(tetramethylV'Cyclopentadienyl)silanetitanium dichloride by NMR. (CJcDg): 5 1.992 
IS (s), 1 .988 (s), 1 .41 4 (s). 0.41 4 (s). 



Preparation 3 

so TiCU. 0.72 g (3.80 mmoi) was added to 35 mL of frozen THF (-196*C) in a flask. The mixture was 
warmed to -78* C. A solution of 1.0 g (3.80 mmol) dilithlum (tert-butylamIdo)dlmethyl- 
(tetramelhylcyclopentadienyl)silane in THF was slowly added. The resulting yellow solution was warmed to 
room temperature and stirred overnight The solvent was removed to give a daric residue which was 
extracted with pentane and filtered. The product (CsMe4(Me2SiN-t-Bu)TiCl2) was obtained as a darIc 

2$ greenish-yellow crystalline material after being recrystallized twice from pentane at -35 to -40 ' C. Identifica- 
tion was confirmed by 'KJ and 'H NMR. 



Preparation 4 

In the drybox. TiCl3CTHF)3 (2.0 g. 5.40 mmol) was suspended in 40 mL of THF. Dilithio (lert- 
butylamido)dimethyl(tetramethylcyclopentadienyl)silane (1.42 g, 5.39 mmol i ::as then added, resulting in an 
immediate dari(ening of the color, eventually to a deep blue. After 1 1/2 hours of stining, AgCI (0.84 g, 5.86 
mmol) was added. The color immediately began to lighten to a red/orange. After 1 1/2 hours of stirring, the 
35 THF was removed under reduced pressure. Diethyl ether (50 mL) was added, tfie solution was filtered, and 
the volatile materials were removed under reduced pressure. This yielded 1.91 g of the product (tert- 
butylamk3o)diinettiyl(tetramethylV-cyctopentadienyl)siIa^^ dichloride. 'H NMR (CcDs): 5 1.992 (s), 

1-987 (s), 1.415 (s). 0.41 5 (s). 

Polymerization 

Polymerization of a styrene/etiiylene mixture was accomplished by coml*iing 1.65 mL of a 10 percent 
solution of MAO in toluene with a solution of 45 mL of toluene and 50 mL styrene in a stainless steel shot 

45 tank. 250 oL <rf a 0.010 M solution of (tert-butylamido)dimettiyl(tetramettiyh'-cyclopentadienyl)- 
silanetitanium dichloride was added to 2.5 mL of toluene in a second shot tank. Botti shot tanks were 
sealed, removed from ttie glove box, and attached to a 600 mL stainless steel pressure vessel. The 
pressure vessel was evacuated and purged with argon. 

The styrenertoluene/MAO solution was added to the pressure vessel and warmed to 89*C under 620 

50 kPa (90 p^g) ethylene with stim'ng. At this time the catalyst solution was added and the pressure was 
increased to 1275 kPa^ (185 psig) and regulated between 1 240-1 275Kpa (180-185 psig). An exotherm raised 
tfie temperature to 95* C. The temperature was lowered to 90* C and was ttwi regulated between 90-92* C 
for ttie remainder cf the reaction. 

After 1.0 h the ethylene feed was discontinued. The reaction was vented to the atmosphere and cooled 

55 to 30* C at which time methanol was added. The product was collected, washed witii metiianol and residual 
solvents were removed under reduced pressure at 120* C which resulted in 9.02 g of material. NMR 
analysts of tMs material showed (t to be a random copolymer of styrerie (152 percent on a molar t)dsis) and 
ethylene, free of peaks attributed to polystyrerie. 



* 
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Example 3 (Otefln Polymerization) 

Ethylene was polymerized by combining 5 mL of a 1 M solution of triethyl aluminum In mixed Cc 
alkane solvent and 0.5 mL of a 0.01 M solution of (tert-butylamldo)dlmethyl(tetramethylV-cyctopen- 

5 tadienyl}silanetitanium dlchloride In toluene in a stainless steel (SS) shot tank. The titanium catalyst and 
triethyl aluminum cocatalyst solution was then added under pressure to a 3 L SS pressure vessel containing 
2 L of mixed alkane solvent (IsoparTU E, available from Exxon Chemicals, Inc.) under 3100 kPa (450 psig) 
ethylene at ISO'C. The reaction temperature was maintained at 150* C for 10 minutes. The ethylene 
pressure was held constant, and a mass-flow meter measured the uptake of ethylene to be 15.7 g. The 

10 polymer solution was then removed from the pressure vessel and the polyethylene was recovered after 
drying under reduced pressure at 90* C ovemight Yield was 15.7 g. 



Example 4 (Olefin Copolymer Polymerization) 

In a gk)ve'lx)x under argon atmosphere, 5.0 mL of 1.0 M solution of methylaluminoxane (MAO) in 
toluene was combined with 50 mL of 1-octene in a stainless steel (SS) shot tank fitted with ball valves on 
both ends. In another SS shot tank 500 uL (5.06 umol) of a 0.0101 M solution of (tert-butylamido)dImethyI- 
(letramethyl-ii'-cyclopentadienyl)silanezirconium dichloride in toluene was added to 2 mL toluene, 

20 The shot tanks were sealed, removed from the glove box and attached to a 600 mL SS pressure vessel. 
The pressure vessel was evacuated and purged with argon. The solution of 1-octene and MAO was added 
to the pressure vessel. The solution was warmed to 89* C under 620 kPa (90 psig) ethylene with stinlng. At 
this time the catalyst solution was added. An exothermic reaction occurred which raised the temperature to 
142* C. The ethylene pressure was maintained between 1310-1345 kPa (190-195 psig). 

25 After 0.5 hour the ethylene feed was discontinued. The reactor was cooled to 30 *C, vented to the 
atmosphere, and the reaction was quenched with methanol. The product was collected on a fritted filter and 
washed with methanol. Residual solvents were removed under reduced pressure at 110* C which resulted in 
35 g of material. '^C NMR analysis indicated that 1-octene was incorporated Into the polymer in an amount 
of 7.8 mole percent. Differential Scanning Calorimetry (DSC) indicated a Tm of 100*C. Density 0.895 g/mL, 

30 Mw = 44.000, Mw/Mn= 6.8 



Example 5 (Olefin Copolymer Polymerization) 



35 The procedure of Example 4 was substantially repeated excepting that 50 mL of 1-hexene was used 
instead of 1-octene. The temperature of the reaction was maintained at 133-140* C. Polymer yield was 37 
g. Incorporation of 1-hexene was 8 percent on a molar basis, 21 percent by weight 



40 Example 6 (crOlefin Homopolymerization) 



A. 4-MethyH -pentene (6.0 mU 4.0 g) was added to 1.0 mL of a 1.0 M MAO solution In toluene In a 20 
mL crimp-top vial. To ttiis was added 100 uL of a 0.01172 M toluene solution of the zirconium complex 
catalyst of Example 4. The vial was sealed, shaken, and altowed to stand at room temperature (ca. 

46 20* C) for 16 hours, then heated to 48*C for an additional 24 hours. The viscous polymer solution was 
precipitated by the addition of methanol. The resulting polymer was collected and the volatile compo- 
nents removed under reduced pressure for four hours at 100*C to gh^e 3.8 g of a clear polymer (95 
percent yiekf), NMR analysis indicated that the polymer was atactic poly-4-methyl-1-pentene. 

B, The procedure of Polymerization A was essentially repeated. 3.4 g of 1-hexene. 1,0 mL of MAO 
50 solution, and 100 uL of the catalyst solution were added to a 20 mL crimp-top vial In an argon-filled 

dry box. The vial was sealed and heated at 50*C ovemight After quenching with acidified ethanol and 
drying there was obtained 3.0 g of poly (1-hexene). 

Example 7 (Ethylene Homopolymerization) 

55 

A SS shot tank was charged with 500 uL (5.0 umol) of a 0.010 M toluene solution of (tert-butylamido)- 
dimethyl(tetramethyl-i|^-cyclopentadienyl)silanetitanIum dichk>ride and 2.5 mL of toluene In an argon filled 
glove box. In a second SS shot tank, 5.0 mL of a 1.0 M solution of MAO in toluene was added to 92 mL of 
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toluene. Both shot tanks were sealed, removed from the glove box and attached to a 600 mL pressure 
vesse^. The pressure vessel was evacuated and flushed with argon and then flushed with ethylene. The 
wca^ solution was added to the pressure vessel and heated to 89 ' C under an ethylene pressure of 
^,kPa (90 psig). The catalyst solution was added to the reactor at this time. The temperature rose to 

So-Vi^f^'p-'^ffi? * T «*yten« pressure was regulated between 

T^w-iZ75 kPa (180-185 psig). After 0.5 hours the reactor temperature had increased to about IIO'C and 
ttie uptake of ethylene increased. After 1.0 hours ethylene feed was discontinued, the reactor was vented to 

H^"^ ^ "^^ P'^"""'^ '^^^ vrith methanol, and the 

polymer was isolated. After removing the volatile components, the yield of polyethylene was 24 g 



Example 8 Hindered Vinyl Aliphatic l\^onomer Polymerization 

4-vinyteyck)hexene was purified by vacuum distillation from Na/K aJtoy. The procedure of Example 4 
was substantially repeated using. 50 mL of 4.vinylcyclohexene with 5.0 mL of a solution of 1 0 M 
methylaluminoxane (MAO) cocatalyst in toluene in one shot lank and 500 uL of a 0.010 M solution of (tert- 

butylamido)dimethyl(tetramethyl-,s^yclopentadienyl)silane2irconium dichtoride in toluene added to 2 mL 
toluene in the other shot tank. 

The exothermic reaction occurred which raised the temperature to 114*0. The etfiylene feed was 
discontinued after 1 h and the cooled and vented reaction was quenched with acidified methanol 

The product was 12.6 g of material. "0 NMR analysis indicated that vinylcyclohexene was incorporated 
into the polymer In an amount of 1 .5 mole percent 



Example 9 (Ethylene/Styrene Copolymerizatio n) 

w«,^-^ polymeriMBwi procedure was substantially followed except that Uie reaction temperature 

Z-^t uaJT '!f^ "'^J^^ °' ""^^ ^"^^^ "^^"^ 500 mL of styrene and 8 mL of 15 

percent MAO in toluene (1000 AI:Ti). The reactor was saturated with 1240 kPa (180 psig) of ethylene and 
20 mioomole^ of KCsMe*)SiMe,(N-phenyl)niCI, was added to begin the poJrmenX. Ethylene ^ 
provided on demand at 1240 kPa (180 psig). After 60 minutes, the solution was drained from the reactor 
mto a container whidi had a small amount of antioxidant The polymer was dried under vacuum. The 
pofymer yield was 26.6 g. melt index (b) = 26.6. NMR NMR analysis indicated the polymer was 47 
mole pen»nt styrene (76 weight percent). No isotactic. atactic, or syndiotactic sequences were observed. 

Example 10 Elhylene/Styrene Copolymerization 

1,000^0^?°" ^P** ^ substantially repeated to prepare styrene/ethylene 

^^l!!!.,^^'!?. ^"^"^ "^^ {tert-butylamido)dimethyl(tetramethylT5. 

cyclopentadlenyl)sl^^ dlchloride except where noted. MAO cocatalyst was empk>yed In an amoiit 

to provida an A1:M atomw ratio of 1000:1. Reaction conditions are contained in Table I. 



* 9 

* 



• 



EP 0 416 816 A2 



Table I 



ro 



IS 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12* 



mg 

(c omple x) 

0.92 

2.50 
220 
220 
3.70 
3.70 
3.70 
3.70 
1.90 
1.90 
220 
2.30 



T 

90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 



Solvent 



amt 

T.50 
T,138 
T.I 60 
T,204 
1,350 
1.525 
1.600 
1.440 
1.650 
1.650 
T.I 80 
T.I 80 



Ethylene 
Pressure kPa 
(psig) 



1240 

1240 
1240 
1240 
1515 
1515 
1515 
1515 
1515 
1515 
1240 
1240 



(180) 
(180) 
(180) 
(180) 
(220) 
(220) 
(220) 
(220) 
(220) 
(220) 
(180) 
(180) 



Styrene 

(my 

50 
138 
80 
36 
350 
175 
100 
260 
50 
50 
60 
60 



Time 
W 

1.0 
2.0 
2.0 
2.0 
1.0 
0.75 
0.33 
0.33 
0.5 
0.5 
2.0 
2.0 



Yield 
(Q) 

9 
29 
27 
30 
57 
70 
46 
43 
12 
40 
30 
11 



mol % 
Styren e 

152 
18.4 
11.7 
8.1 
10.3 
6.8 
4.8 
9.0 
2.5 
2.8 
13.3 
37.0 



Mw 



Mw/Mn 



III 



147.( 
65.100 
70.100 
72,300 
121,000 
304.000 
180.000 
172.000 
113.000 
154.000 
78.600 



2.5 
2.7 
2.6 
2.5 
2.8 
2.6 
2.6 
2.5 
32 
2.6 
3.1 



20 



a. catalyst was (phenylamido)dimethyl(t8tramethyl-i)S-cyclopentadienyl)silanetitanium dichloride 

b. T s toluene. I = mixed alkanes 



Examples 11-32 



In these examples, a 4 liter autoclave was ctiarged with 2000 mL of mixed alkane solvent (Isopar-E) 
followed by various amounts of l-octene. The catalyst was (tert-butylamido)dimethyl(tetramethyl-,5-cyclop8- 

30 ntadienyO-silanetitanium dichloride. dissolved in toluene. The cocatalyst was a 10 percent solution of MAO 
in toluene. Hydrogen, if desired, was added by expansion from a 1 00 mL vessel at a pressure Indicated 
above the operating pressure of the reactor. The reactor was filled with solvent. 1-octene and MAO. heated 
to the reaction temperature, then pressurized to 3100 kPa (450 psig) with ethylene until the solution was 
satuated. The hydrogen Of any) was expanded into the reactor, followed by the addition of the catalyst 

35 solution. After 10 minutes, the solution was drained from the reactor into a container which had a small 
amount of antioxidant (Irganox 1010«. available from Ciba-Geigy). The polymer was dried under vacuum. 
Results are contained in Table II. 



40 



4S 



50 



55 
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Examples 33-42 



The procedure of Examples 11-32 was substantially repeated, except that the catalyst was (tert- 

butylamido)dimethyl(tetramethyH5-cyclopentadienyl)silanezirconium dichloride. Results are contained In 
Table 111. 



Table til 



Example 


Temp 
'_C 


mL 
Octene 


AHz kPa 


Zr (mmole) 


AI:Zr* 


Zreff X 
10"3»>~ 


(PSig) 






33 


150 


300 


345 (50) 


0.02 


500 


50 


34 


140 


300 


345 (50) 


0.01 


500 


122 


35 


130 


300 


345 (50) 


0.005 


500 


285 


36 


130 


450 


345 (50) 


0.005 


500 


302 


37 


130 


150 


345 (50) 


0.005 


500 


230 


38 


130 


150 


345 (50) 


0.01 


250 


158 


39 


130 


150 


345(50) 


0.02 


100 


104 


40 


130 


300 


345(50) 


0.01 


100 


154 


41 


140 


450 


0 


0.015 


200 


84 


42 


140 


450 


690 (100) 


0.02 


200 


101 



a. equivalent ratio, assuming 58 Mw for MAO 

b. catalyst efficiency, g polymer.1 g metal 



Examples 43-57 

The procedure of Examples 11-32 was substantially followed except that a 2000 mL reactor was used. 
The catalyst was (tert-butylamido)dimethyl(tetramethyl-i,5-cyclopentadienyl)silanetitanium dichloride (2 mL 
of a 0.005 M solution in toluene. 10 umoles). The cocatalyst was 15 percent MAO in toluene (2 mL, 500 
AI:Ti). Results are contained in Table IV, 
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Table IV 



to 



IS 



20 



Example 

43 
44 
45 
46 

47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 



a. hydrogen 

b. h. ASTM 



Temp . 

~m 

80 
90 
100 
100 
80 
90 
90 
90 
100 
90 
80 
80 
90 
90 



A H2 kPa' 



(psig) 

170 (25) 
170 (25) 
170 (25) 
170 (25) 
345 (50) 
170 (25) 
0 

345 (50) 
170 (25) 
0 

170 (25) 
345 (50) 
0 
0 

345 (50) 



1 -Octen e 
mole 

1^ 
1.59 
1.85 
2.12 
1.85 
2.12 
1.59 
Z12 
1.85 
1.85 
1.85 
1.85 
1.85 
2.12 
1.59 



partial pressure 
0-1238 Procedure A. condiUon E. 



g Polymer 



70.0 
67.0 
98.2 
118.3 
131.9 
139.3 
104.4 
133.1 
130.2 
110.0 
141.0 
161.2 
118.1 
150.8 
136.7 



Melt 
Index ^ 

<.1 
<.1 

0.96 
7.48 
0.93 

0.25 



0.66 

5.44 
0.48 
3.12 
3.43 



Density 

0.8700 
0.8672 
0.8582 
0.8575 
0.8552 
0.8528 
0.8594 
0.8556 
0.8550 
0.8570 
0.8545 
0.8525 
0.8536 
0.8516 
0.8578 



25 



30 



36 



Examples 58-77 Olefin polymerization 



Ethylene andw ethyiene/1 -octene were respectively polymerized as a homopolymer or copolymer by 
ad(&j a solution of the appropriate catalyst in combination with MAO or triethyl aluminum cocatalyst to a 
uJ^S^"^,.^ containing mixed alkane solvent/1 -octene (with varying ratios) under 3100 kPa 

. J^"^ ^ ^ ^^^^'^ ^0 The ethylene pressure was 

Zl^irr ^^"^^"^ '"Qt^^ measured the uptake of ethylene. The consequent polymer was then 

SiSd °Tabte J''^'^"'^ ^ '^"^ ""^^ '^"'^ ^^'^ ^ °'®'"'9ht. Results are 



40 



46 



SO 



55 



t * 
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Table V 



Example 



10 



15 



20 



25 



CO 
90 


Tl 
11 


CO 

da 


Tl 
1 1 


OQ 


Tl 

Tl 


Dl 


LX 


AO 


zx 


AO 

oo 


zs 


04 


LX 


DO 


LX 


DO 


CX 


Of 


n 
1 1 


68 


Zr 


69 


Zr 


70 


Zr 


71 


Tl 


72 


n 


73 


Tl 


74 


Tl 


75« 


Tl 


76 


Tl 


77 


Zr 



Catalyst*^ Solvent/Octene 




Wt of 
polymer (g) 

61.1 
48.7 
41.5 



33.3 
25.8 
102.9 
17.8 
25.3 
15.6 
20.6 
44.0 
96.6 
47.5 
74.5 
75.0 
15.6 
19.9 
34.5 
88.3 



Melt 
Index (la) 

79.0 
1.7 
137.6 
1324.9 
10.3 
8.8 
168.1 
147.1 
240.8 
4.4 

2.8 
17.1 
149.2 
25.8 
56.3 
56.9 



1.0 
111.7 



Mw 

45.600 
88.300 
36,300 



58.400 
30.900 



III 



101.( 
47.300 
43.500 
54.000 
44,400 
44.700 



35,100 



Mn 

9100 
10100 
9950 



5310 
8150 



7700 
6550 
4710 
10800 
12100 
9800 



6440 



Mw/Mn 

5.01 
8.74 
3.68 



10.90 
3.79 



13.10 
7.22 
5.87 
5.00 
3.67 
4.56 



5.45 



30 



a) Ti = (tert-butylarnicio)dimethyl(telramethyl-i,5-cyclopentadieny!)silanetitantium dichloride 
Zr = (tert^xjtylamido)dimethyl(tetramethyi-,'<yclopentodienyi)silane2irconium dichloride 

b) M6tal.AI ratio = 1.1000 assuming 58 MW for MAO 

c) liters of each 

d) Run at 175 'C 

e) Used triethylaluminum as cocatalyst, metal Al was 1:1000 



Example 78 Preparation of Supported (tert-butylamido)dimethyl(tetramethyl-ii'-cyclopentadienyl)- 
siianetitanium dichloride ~ '■ 



« O.IOOg of dehydroxylated silica (-0H concentration - 1 mmol/g SiOj) was slurried in 20 mL of mixed Ce 
alkane solvent under a nitrogen atmosphere in a dri-box. with sfa'ning in a 50 mL Erienmeyer flask. From 
this slurry 1.0 mL was removed by syringe and combined vrith 1.10 mL of a 0.011 M toluene solution of 
(tert-butylamido)dimethyl(letramethyl-i,5-cyclopentadlenyl)sllanetitanium dichtorido in a 5 mL rounded-bot- 
tomed flask and sUnred for 12 h. After this period 6.7 mL of a 10 percent (w/w) solution of methyl 

46 aluminoxane (MAO) in toluene was added to the silica containing solution. 



Polymerization 

50 The polymerization was conducted by adding under pressure the above titanium/sincaMAO slurry In a 
3 L SS pressure vessel containing 2 L of mixed alkane solvent under 3100 kPa (450 psig) of ethylene at 
150 C for 10 minutes. The ethylene pressure was held constant and a mass flow meter measured the 
uptake of ethylene to be 26.7 g. The polymer solution was then removed from the pressure vessel and the 
polyethylene was recovered after drying under reduced pressure at 90* C overnight Yield was 30.0 g. 



Example 79 Preparation of (2-Methoxyphenylamido)dimethyl(tetramethyh|*-cyctopentadlenyl)sllanetitanium 
dichloride " ~" " 



9 EP0416815A2 ^ 



(a) ((Tetramethylcyclopentadienyl)dim6thylsllyl) (2-niethoxyphenyl)annine 

To U g (5^ mmol) ((tetramethylcyclopentadlenyl)dlmethyt8llyt)chkx1de In 50 mL tetrahydrofuran (THF) 
was added 0.86 g (5^ mmol) sodium 2-methoxyaninde. The mixture was stirred overnight The solvent was 
removed under reduced pressure and the residue extracted with pentane. The pentane extracts were 
filtered, combined, and concentrated to give a pale yellow Squid. Yield 1.4 g (79%). NMR (t)en2ene-ds) 5 
8.91 (m. 8J4 (m, 1.1), 6.57 (d, 1.1, J » 9). 425 (8, 1), 3.32 (s, 3.7), 1,93 (8,6.7), 1.80 (s. 6.8). 0.13 (8. 
6.3). 



(b) Dilithium ((tetramethylcyclopantadienyl)dimelhylsilyl)-(2-methoxyphenyl)amlde. 



To 1.4 g (4.6 mmol) ((letramethylcyclopentadienyl)dimethylsilylK2-methoxyphenyl)amine in diethyl ether 
was added dropwise 3.9 mL of 2.5 M butyl lithium (9.8 mmol) In hexane solvent A white precipitate formed. 
15 Pentane was added to the mixture. The slurry was filtered and the solids washed with pentane. 



(c) (2-Melhoxyphenylamido)dimethyl(tetramethylV-cyclopentadienyl)silanetitanlum dichloride 

20 To 1.6 g of dilithium ((tetramethylcydopentadienyl)dimethylsilyl)(2-methoxyphenyl)amide slurried in 
toluene was added 0.85 g TiCli. The mixture was stirred for three days, filtered, and the solvent was 
removed under reduced pressure. The residue was slum'ed in pentane and filtered to give a dark powder. 
Yield 0.77 g (41%). NMR (tjenzene-de) S 4.10 (s, 3), 2.20 (s, 6.4), 1.99 (s, 6.6), 0.40 (s, 6.3). 
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Example 80 Preparation of (4*RuorophenylamidQ)dimethy!(tetramethyH^'Cyclopentadienyl)silanetitanlum di- 
chloride 



30 (a) ((Tetramethylcyclopentadienyl)dimethylsilyl)(4-nuorophenyl)amine 

Equimolar quantities of ((tetramethylcyclopentadienyl)dimethylsilyl)chloride and lithium 4-fluorophenyl 
anilide were combined in THF and the mixture stirred ovemight The solvent was removed under reduced 
pressure. 'H NMR {ben2ene<l«) B 6.79 (m, 2.5), 6.33 (m. 2.4), 2.95 (s.1). 2.90 (s. 1). 1.87 (s. 8.9). 1.79 (s, 
35 6.9), 0.02 (s. 5.8). 



(b) Dilithium ((tetramethylcyclopentadienyl)dimethylsilyl)(4-fluorophenyl)amide 

40 ((Tetramethylcyclopentadienyl)dimethylsilyl)(4-fluorophenyl)amine in diethyl ether solvent and butyl Gth- 
ium 2.5 M in hexane solvent were combined in equivalent amounts. A wNte precipitate formed. Pentane 
was added to the slurry. The precipitate was filtered, washed with pentane stkI dried. NMR (THF-dg) 5 
7.28 (m. 2.0). 6.77 (m. 2). 3.27 (s, 2.7). 2.05 (s. 52). 2.01(8, 5.2). 0.44 (s. 4.6) 

46 

(c) (4-Ruorophenylamido)dlmethyi(tetramethyH'-cyclopentadienyl)silane titanium dichloride 

To 0.59 g (1.6 mmol) TiCla'STHF in 50 mL THF was added 0.50 g (1.7 mmol) dilithium (- 
(tetramethylcyclopentadienyl)dimethylsilyl)(4-fluorophenyi)amlde. After 0.5 h, 0.25 g (1.8 mmol) AgCI was 

50 added. After 2 h the solvent was removed under reduced pressure. The residue was extracted with diethyl 
ether. The ether extracts were filtered, combined, and concentrated under reduced pressure to give a red 
glassy solid. Dissolution into toluene and recdncentratlon produced a waxy solid. This solid was extracted 
into pentane. The pentane extracts were filtered, combined, and concentrated to produce a waxy solid. This 
was slumed with a small amount of pentane (2 mL) and filtered to give a red powder. The yield was 0.18 g 

56 (28%). NMR (benzenOKfc) 5 7.10 (t). 6.80 (t). 2.00 (s), 1.97 (s). 0.35 (s). 



Polyn>edzaGon 
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The polymerization procedure of Examples 11-32 was substantially followed using 1000 mL of mixed 
alkane solvent 200 mL of 1-octene and 5 mL of 15 percent MAO In toluene (1280 Ai:TI) and a reaction 
temperature of 130 C, Hydrogen was supplied from a 75 mL tank pressurized to 3450 kPa (500 psig) to 
give a delta pressure of 345 kPa (50 psi). 10 Micromoles of the above complex was added to begin tfie 
polymerization. Ethylene was provided on demand at 3100 kPa (450 psig). The polymer yield was 12 8 g 
Mw « 103.000. Mw/Mn = 4.77. density « 0.9387. melt Index » 8.37, 



Sample 81^ Preparation of ((2.6-Di(1-methyletfiyl)phenyi)amido)dimetf}y lfletramethyK^ 
amidotitanium dichloride ' ~ ' 



Diiithium ({tetrametiiylcyclopentadienyl)dimethylsilyl)(2,6-di(1-mettiylethyl)phenyl)amide was prepared in 
a manner analogous to Example 80. 

To 1.5 g (4 mmol) T1CI3-3THF in 25 mL THF was added 1.5 g (4 mmol) dililhium (- 
(tetramethylcyclop0ntadienyl)dimethylsiiyl)(2.6-<ji(1-metiiylethyl)phenyl)amide. After 0.5 h 0.63 g (4 mmol) 
AgCI was added. After 1.5 h the solvent was removed under reduced pressure. The residue was extracted 
witti pentane (3x8 mL). The pentane insoluble residue was extracted witii diethyl ether. The ether extract 
was filtered and evaporated to dryness to give a yellow crystalline solid. NMR (benzene-dS) d 3 04 
(heptet, 2, J = 6.7). 2.18 (s. 5.8). 1.98 (s. 5.8). 1.49 (d, 5.8. J 6.5). 1.12 (d. 6.2. J = 6.8). 0.48 (s. 5.2) 



Polymerization 

The polymerization procedure of Example was followed using 10 micromoles of Uie above complex. 
The polymer yieW was 14.7 g. 



^^P'^ 82 Preparation of (4-Methoxyphenylamido)dimethyl(tetramethylV -cvclopentadienvnsilanetitanium 
dichloride ~ " " ^ — 

To 0.73 g TiCU*2THF in 30 mL toluene was added 0.7 g of diiithium ((tetrametiiyicyciopentadienyl)- 
dimelhylsilyl)(4-mettioxyphenyl)amide (prepared in a method analogous to Example 81. The mixture was 
stirred for two days, filtered, and concentrated under reduced pressure. The residue was slumed in pentane 
and filtered to give a brick red powder. r»eld 0.61 g (67%). 'H NMR (benzene^c) a 7.28 (d. 2 J = 88) 
6.78 (d, 2. J = 8.9), 3.27 (s. 2.8). 2.05 (s. 5.6). 2.01 (s, 5.6), 0.44 (s. 4.8). 



Polymerization 

The polymerization procedure of Example 80 was folk)wed using 10 micromoles of the above complex. 
The polymer yield was 72 g, f^/Iw = 79.800. Mw/Mn = 21.5. melt index = 2.90. 



^ Preparation of (tetrametfiyl-i>s^yclopentadienyl)dimethyl(1> methylethoxy)silanetitanlum trichlo- 
ride ■ ~ — ' 



(a) (Tetramethy teyclopentadieny IX^imethy 1(1 -methy letfioxy)silar)e 

To 1.0 g (4.8 mmoO (tetramethylcyclopentadiene)dimetfiylsilyl chloride In 10 mL toluene was added 
0.38 mL (5.0 mmol) 2-propanol followed by 0.66 mL (4.7 mmoO triethylamine. The mixture was filtered and 
the solids washed with mixed Ct alkane solvent The wash and the filtrate were combined and concentrated 
under reduced pressure to give a pale yellow liquid. NMR (benzenenk) « 3.85 (heptet. 1, J = 6,0), 2.9 
(s. 1,1). 2.03 (s. 5.7). 1.8 (s. 6.3). 1.10 (d. 6.3. J = 6.0), -0.02 (s, 5.0). 



(b) Potassium (dimethylfl -methy!ethoxy)silyl)tetramethvl-cvcloDentadfenfde> 
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To 0.51 g (2.1 mmoO (tetramethyk:yclopentadlenyl)dlmethyl(lHnethytett^ In toluene was added 
0.33 g (2.5 mmoO potassium t>enzlde. The solution was filtered aftar 3 days and the solvent was removed 
under reduced pressure to give an oil. The oil was washed with pentane. Residual pentane was removed 
under reduced pressure to give an orange glassy solid, NMR (THF-di) 5 339 (heptet, 1, J - 8.1), 2.00 
(8,8,1). 1.87 (8, 5.7), 1.05 (d, 5.1, J « 8.1), 022 (s. 4.4). 



(c) (Tetramethyh|'<yclopentadIenyl)dimethyl(1-melhylethoxy)silanetto trichloride 

To 0.42 g (1.1 mmol) TlQj'STHF in 50 mL THF was added dropwise 0.83 mmol potassium (dlmethyl- 
(1-methylethoxy)silyl)letramethylcyclopentadienide) in 15 mL THF. One hour after addition was complete 
0.2 g (1.3 mmoO AgCI was added. The resulting mixture was stin^ for 18 h. The solvent was removed 
under reduced pressure and the residue extracted with pentane. The pentane extracts were filtered, 
combined, and evaporated to a red oil. The red oil was slurried in pentane and the mixture was filtered. The 
filtrate was stored art -30* c for 3 weeks which resulted in the precipitation erf an orange solid. The solution 
was decanted from the solid, NMR (t)enzene-d«) a 3.8{heptet. 1, J = 8.0). 2.35 (s. 6.9), 1.86 (s. 7.4), 1.04 
(d. 7.1. J = 6.0). 0.45(s. 6.7) .00(s). 1.97 (s), 0.35 (s). 



Example 84 Preparation of 1-(Tert-butylamido)-2-(tetramethylV-cyclopentadienyl)-1 ,1 .2,2-tetramethyl- 
disilanetitanium dichloride ' ~"" " ' 



(a) 1 -Chloro-2-(tetramethy Icyclopentadieny l)-1 . 1 ,2.2-tetramethy Idisilane 

To a solution of 4.802 g (25.7 mmol) 1 ^-dichloro-1 .1 ,2,2-tetramethyldisilane In 50 mL dimethylether was 
slowly added a solution of 2J285 g (12.8 mmol) sodium 1 ,2.3,4-tetramethyteyclopentadienide in 30 mL 
dimethylettw. The reaction mixture was stin-ed several hours, then the solvent was removed, the residue 
was extracted with pentane and filtered. The pentane was removed under reduced pressure to give the 
product as a light-yellow oil. Mass spec: m/e 272 (8%). NMR (C«D«) 5 2.70 (s, 1H), 1.83 (s. 6H), 1.69 (s. 
6H). 0.28 (s. 6H). 023 (s. 6H): ^^C NMR (CtOO 5 135.8. 134.0. 54.4, 14.8. 11.4. 32. -2.4. 



(b) 1-(Tert-t)utylamino)-2-(tetramethylcyclopentadienyl)-l ,1 ,22-tetramethyldisilane 

To a solution of 3.000 g (11.0 mmol) 1<hloro-2Hletramethylcyck>pentadienyl>-1,1,2.2-telramethyIdisilane 
in 50 mL ether was added 2.422 g (33.1 mmol) tert-txjtylamlne. Precipitate formed rapidly. The slurry was 
stin^ed for several days at room temperature, then was gently heated to drive the reaction to completion. 
The solvent was removed, the residue was extracted with pentane. the amine hydrochloride was filtered and 
the pentane was removed under reduced pressure to give the product as a yellow oil. The yield was 3,150 
(92.5%). Mass spec m.e 309. 'H NMR (CcDs) « 2.75 (s. 1H), 1.95 (s. 6H). 1.82 (s. 6H),1.08 (s, 9H). 0.51 (s, 
1H). 024 (s. 6H). 0.16 (s. 6H): NMR (C«D«) B 1352, 134.4, 552. 50.3. 34.1, 14.9 11.8. 3.3, -1.4. 



(c) Dilithium 1-(tert-txjtylamido)-2Htetramethylcydopenta-^ienyf)-1,1^-tetramethyldisil^^ 

To a solution of 3.00 g (9.72 mmol) 1-{tert-butylamlno)"2-<tetramethyk:yclopentadlenyl)-1,1,22- 
tetramethyldisilane in 100 mL ether was slowly added 7.70 mL of 2^ M (202 mmol) butyl lithium In mixed 
Cs alkane solvent The resulting slunry was stirred several hours, then filtered and washed with ether, tfien 
dried under reduced pressure to give the product as a white powder. The yield was 2.918 g (93.4%). 
NMR (THF d-8) 5 2.05 (s. 6H). 1.91 (S, 6H).0.87 (s. 9H), 025 (s, 6H). -0.03 (s, 6H): '^c NMR (THF d-8) 6 
117.3. 113.8. 53.5. 38.4, 34.1. 142 11,3. 8.4. 22. 



(d) Htert-4xjtylamido)-2-<tetramethyl^5^clopentadienyl)-1,12,2-tetrarnethykM dichloride 

A slurry of 0.7500 g (2,333 mmol)dilithium 1Htert-^xjtylamldo)-2-(tetramethylcyclopentadlenyl)-1,12.2- 
tetramethyWisllane and 0.7790 g (2,333 mmol) TICUfTHF^ In 50 mL toluene was stinred for several days. 
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The redorange reaction mixture was filtered and the solvent was removed to give a sticky red solid. This 
was extracted with pentane and filtered. After concentration and cooling at -35* C In a freezer, the shiny 
mlcrocrystalllne red product was collected on a frit and washed with cold pentane to remove a dark red oily 
material. YleW: 0,3843 g, 36.6%. NMR (CcDt) 6 2,20 (s. 6H). 1.94 (s. 6H), 1.48 (s 9H), 0.44 (s, 6H), 0.43 
6 (8. 6H). NMR(CiDb) 5 137 J. 135.5, 112.7, 65,9, 35.4, 16.6, 12.5. 2,8, -2.1. 



Polymerization 

10 The polymerization procedure of Example 60 was foltowed using 10 micromoles of the above complex. 
The polymer yiekJ was 12.1 g, Mw » 62.400, Mw/Mn = 145, melt index = 6.14. density = 0.9441. 



Example 85 Preparation of 1 -(Tert-buty lamido)'2"(tetramethyH^"Cyclopentadienyl)-1 .1 ,2.2-tetramethyl- 
15 disilanezirconium dkiikxide 



A slurry of 0.7500 g (2.333 mmol) dilithium 1-(tertbutylamido>-2-(tetramethylcyclopentadienyl)-1, 1,2.2- 
tetramethyl-disilane (prepared according to the technique of Example 84) and 0.5438 g (2.333 mmol) ZrCU 
in 75 mL toluene was stirred for several days. The pale yellow reaction mixture was filtered and the solvent 
20 was removed. The residue was extracted with pentane and filtered. After concentration and cooling at 
-35 *C in a freezer, tf>e product as colorless crystals was collected on a frit Yield: 0.6720 g, 61.3%. 
NMR (C«D«) a 2.14 (s, 6H), 1.94 (s, 6H), 1.49 (s, 9H). 0.36 (S, 6H). 0.34 (s. 6H). ^^C NMR (C«D«) 5 134.1, 
131.0. 119.1, 58.4, 34.2. 15.1. 11.8. 4.7, -2.1. 
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Example 88 Preparation of (Teft-butylamido)(dimethyl)(tetramethylV-cyclopentadienyl)silane2irconium 
dimethyl 

A solution of 0.5000 g (1.215 mmol) (tert-butylamido)(dimethyO(tetramethyicyclopentadienyl)- 
30 silanezirconium dichk>ride in 35 mL ether was cooled to -40* C. To this was slowly added 1.41 mL methyl 
lithium solution (1.72 M, 2.43 mmol). The reaction mixture was allowed to stir at room temperature for 
several hours. The solvent was removed and the residue was extracted with pentane and filtered. The 
filtrate was concentrated and chilled to -40*C. The cok>rless crystals whteh formed were isolated by 
decanting away the supernatant Yiekj: 0.2215 g, 49.2 percent 'H NMR (CcDs) « 1.97 (s. eH), 1.91 (s, 6H). 
35 1.40 (s, 9H), 0.46 (8, 6H). 0.00 (s. 6H). '^C NMR (C^Ds) 5 130.2, 125.3, 95.7. 54.7. 35.4. 34.0. 13.9, 10.9. 6.2. 



Example 87 Preparation of Preparation of (tert-butylamido)dimethyl(n^'Cyctopentadlenyl)silanetitanium di- 
chloride 

40 

(a) (ChloroKcyctopent3dienyl)(dImethyOsilane 

A solution of 148 g (1.16 mol) Me2SiCl2 in 750 mL diethyl ether was cooled to -78* C. Solid sodium 
46 cyck>pentadienide (30 g. 0.341 mol) was added via a powder addition funnel over a period of 1.5 hours. The 
reaction mixture was allowed to warm to room temperature and was stirred for 16 hours. The eUier and 
some MeaSiCb were distilled out, then exhaustive vacuum distillation removed the remaining ether, 
MesSiCIs and the product from the NaCI formed in the reaction. The product after fractionation was 
obtained in good yield as a light-yellow oil. Mass spec: rt\fB 158 (16%). 

50 

(b) (Tert-butyiaminoXcyclopentadienyl)(dimethyl)silane 

To a solution of 3.69 g (50.4 mmol) tert*butyl amine in 45 mL THF was added 2.00 g (12.6 mmol) 
55 (chloroKcyclopentadienyl)(dimethyl)silane. Precipitate formed quiddy. The slurry was stinred for several 
days, then the ambie hydrochtoride was filtered off arKJ ttie solvent was removed under reduced pressure to 
give the product as a very pale yellowish oil. The yield was 2.069 g (84.2%). Mass spec: m/e 195 (6%). 
and NMR show the presence of several cyclopentadiene Isomers. 
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(c) Dilithium (tdrtH)utylamidoKcyclopentadl6nyl)(dirnethyOsilane 

To a solution of 1.500 g (7.69 mmol) {lertbutylamldoKcyclopentadlenyO(dlmethyl)sllane fn 60 mL ether 
was slowly added 821 mL of a 1.72 M (10.68 mmol) ether solution of methylDthlum, then 1.81 mL of 2.8 M 
(4,706 mmol) butylKWum In mixed alkane solvent (15.39 mmol total alkylOthlums). The resulting sluny was 
stinBd overnight then filtered and washed with pentane, then dried under reduced pressure to give the 
product as a white powder. The yield was 1.359 g (85.2%). NMR (THF d-8) a 5.96 (t, 2H). 5.87 (t, 2H), 
1.10 (s. 9H). 0.05 (s, 6H), '^c NMR (THF d-8) d 114. 1052. 103.5, 52, 38.3, 7.3. 



(d) (Tert-butylamido)dlmethylU''Cyc)opentadienyl)silane titanium dichlorfde 

0.7000 g (3.38 mmol) Dilithium (tertbutyiamido)(cyclopentadienyl)(dimethyi)siiane and 1.128 g (3.38 
mmol) T1CU*(THF)2 were comt)lned in a flask with 75 mL toluene. The resulting yellow slurry turned muddy 
red-t>rown within a few hours. The reaction mixture was stirred for several days then the red solution was 
filtered and the solvents removed under reduced pressure. The crystalline material fonned was slurried with 
pentane and filtered to remove the soluble red impurity from the brown product The yield was 0.5369 g 
(50.9%). NMR (CsDs) S 6.60 (t. 2H), 6.07 (t 2H), 1.38 (s, 9H). 0.18 (s, eH). '^c NMR (CkCk) a 126.3 
125.6, 110.0.63.7. 32.2. -02. 



Polymerization 

The polymerization procedure of Example was followed using 10 micromoles of the above complex. 
The polymer yield was 28.1 g. Mw = 108.000, Mw^^n = 3.22, density = 0.9073, melt index - 2.92. 



Example 88 Preparation of (Tert-butyiamido)dimethyl(n^-cyclopentadienyl)silanezirconium dichloride 



To 0.6747 g (2.90 mmol) ZrCU in a flask was slowly added 4 mL diethyl ether, then 4 mL THF. The 
excess solvents were removed under vacuum to yield a solid which was broken up to a powder. The solid 
was combined with 0.6008 g (2.90 mmol) dilithium (tert-butylamido)(cyctopentadienyl){dimethyl)silane 
(prepared according to the technique of Example 87 and 75 mL toluene. The resulting sluny was stin-ed for 
several days after whfch the cok^ess solution was filtered, the solvent removed under reduced pressure 
and the residue was slunied in pentane. The product was collected on a frit and dried under reduced 
pressure. YiekJ was 0.6186 g (60.0%). NMR (C«Ds) 5 6.43 (L 2H). 6.08 (t. 2H), 4.17 (br s. 6H), 1.27 (s, 
9H). 1.03 (br s. 6H). 022 (s, 6H). NMR (C«D«) a 122.0, 121.4. 109.5. 78, 57.2, 32.8, 252, 0.7. The 
stoicture was shown by x-ray crystallography to be dimeric (bridging chlorides) in the solid slate. 



^a^ple 89 Preparation of (AnindoKdimethyl)(tetramethylVK:yck)pentadienyt)silanetitanium dichtoride 



(a) (AniIido)(dimethy)(tetramethyk:yck>pentadienyl)silane 

To a solutfon of 1.500 g (8.98 mmol) (chloro)(dimethylKtetramethyteyck>pentadienyl)sflan0 in 50 mL 
THF was skjwiy added 0.691 1 g (6.98 mmol) lithium anilide. Monitoring by GC Indicated the reaction was 
incomplete. Addifional lithium anilide (0.08 g, 7.78 mmol total) was added. The reaction mixture was stin-ed 
overnight The solvent was removed, the residue was extracted with pentane and filtered. The pentane was 
removed under reduced pressure to give the product as a pale yeltow oil. The yield was 1£75 g (99.2%). 
Mass spec m/e 271 (13%). NMR (CcDs) a 7,14 (m, 2H), 6.78 (L 1H), 6.60 (d. 2H), 3.08 (s. 1H). 3.04 (s, 
1H). 1.89 (s. 6H). 1.79 (s, 6H), 0,07 (s, 6H). NMR (CsDg) a 147.5, 138.3. 132.6, 129.6. 118.2, 116,9, 55.0. 
14 J. 11.3.-22. 



(b) DiGthium (anlGdoKdlmethyl}(tatramethylcyclopentadlenyl)sltane 

To a sohitkm of 1J75 g (6.91 mmol) (anilidoKdImethylXtetramethyk7ck>pentadIenyl)dIane in 50 mL 



* 
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ether was slowly added 5.31 mL of 2.60 M (13.8 mmoO butyllithlum In hexane solvent A small amount of 
precipitate formed, txjt then dissolved. The reaction mixture was stirred overnight The product appeared to 
have cotlected as a thick viscous oil in the ether solution The solvent was removed under reduced pressure. 
The resulting white solid was slunied In pentane. collected on a frit washed with pentane and dried under 
reduced pressure to give the product as a white powder. The yield was 1.943 g (99.3%). 



(c) (Anindo)(dlmethyl)(tetramethyl-ij5-cyclopentadienyl)silanetitanium dichloride 

10 A shOTy of 0.8025 g (2.333 mmol) dilithium (anilido)(dimethyl)(tetramethylcyclopentadienyl)$iIane and 
0.9871 g (2.333 mmol) ■nCU(THF)2 in 70 mL toluene was stirred for several days. The red-brown reaction 
mixture was filtered and tt>e solvent was removed. The solid was triturated in pentane and ttie product was 
coltected on a frit and washed with cold pentane to remove a dark red oily material to give tfie product as a 
yeltow-beige powder. YleW: 0.6400 g. 55.8%. 'H NMR (CsDs) 5 7.32 (d. 2H), 7,18 (m, 2H), 6.85 (t 1H), 2.02 

15 (s, 6H), 1.99 (S, 6H), 0.42 (s. 6H). '^c NMR (CcDc) 5 152.4, 141.9. 137.8. 129.3, 124.4. 119.6, 105.3, 16.1, 
13.0. 2.7. 



20 



Polymerization 1 

The polymerization procedure of Example 80 was followed using 10 micromoles of tiie above complex. 
The polymer yield was 12.8 g, Mw = 103,000. Mw/Mn = 4.77, density = 0.9387. melt index - 6.37. 



25 Polymerization 2 Ettiylene/Styrene Copolymerization 

The above polymerization procedure was substantially followed except that 900 ml of mixed alkane 
solvent 184 ml of styrone, 345 kPa (50 psi) delta hydrogen, and 20 micromoles of [(CsMe4)SiMe2(tert- 
butyOJTICb were used. The temperature of the reactor was 120*C. After 10 minutes, ttie contents were 
30 removed from the reactor, and 62.3 g of pxjiymer was recovered. The melt index was 3.68. 



Example 90 Preparation of (Anilido)(dimetfiylKtetrametfiylV-cyclopentadienyl)silane2irconium dichloride 



35 To 0^5 g (2.963 mmol) ZrCU in a flask was stowly added 3 ml diethyl ether, tinen 4 mt TNF. The 
excess solvents were removed under vacuum to yield a solid which was broken up to a powder. The solid 
was combined with 0.8044 g (2.963 mmol) dilittiium (anilido)(dimethylKtetrametfiyl^5-cyclopentadIenyl)- 
silane and 70 ml toluene. Wittiin minutes the slun^ color became pale yeltow-green. The slurry was stiaed 
for several days after which time the solution was filtered, tiie solvent removed urxler reduced pressure and 

40 tf)e residue was slunied in pentane. The very pale yelbwish product was collected on a frit and dried under 
reduced pressure. NMR (CtDt) 5 721 (t 2H), 7.1 (t 1H). 6.97 (m. 2H). 2.50 (s, 3H), 2.46 (s. 3H), 1.87 (s. 
3H). 1.85 (s. 3H), 0.53 (s, 3H), 0.40 (s, 3H). 



46 Example 91^ Preparation of (a) (p-ToluidinoKdimettiyl)(teti^amettiyl-i|^-cyctopentadienyOsiIanezirconium di- 
chk>ride ~ 



(p-Toluicfino)(dImett)yl)(t6tramettiyk:yclopentadienyl) silane 

50 

To a sotutton of 2.000 g (9.302 mmol) (chloro)(dimethyl)(2.3.4,5-tetramethyteyck)pentadIenyl)slIane in 70 
ml THF was stowly added 1.259 g (9.302 mmol) lithium p-toluidide (0.3 ettw adduct by NMR). The 
reaction mixture was stirred overnight Monitoring by GC Indicated the reaction was Incomplete. Additional 
Dthlum p-tolukflde was added In small lots (0.725 g. 1 4.7 mmol totaQ. The solvent was removed, the residue 
55 was extracted witti pentane and filtered. The pentane was removed under reduced pressure to give the 
product as a yellow oil. The yIeM was 2.456 g (92.5%). Mass spec, m/e 285 (22%). 'H NMR ((^D() 5 6.96 
(d. 2H). 6.57 (d. 2H). 3.07 (s. IH), 3.01 (s. 1H), 2.17 (s. 3H), 1.91 (s. 6H), ^JBO (s, eH). 0.08 (s. 6H). NMR 
(CtDs) a 145.0. 138Z 132.7. 130.2, 126 J. 116.9. 55.2. 20.5, 14.3. UJ3. -22. 
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(b) Dinthlum (p-tolukfino)(dimethyl)(tetram6thylcyclopenta-dl6nyt)sllan6 

To a solution of 2233 g {7.82 mmol) (p-toluId}no)(dlmethylXtetramethylcycIoperitadlenyl)sllane In 65 mL 
ether was stowly added 6.17 mL of 2.60 M (16.0 mmol) txityllithlum In mixed (k alkane solvent The 
5 predpitate-free reaction mixture was stirred overnight The soJvent was removed under reduced pressure. 
The resulting white solid was slurried in pentane, collected on a frit, washed with pentane and dried under 
reduced pressure to give the product as a white powder. The yelid was 2.34 g (100%). NMR (THF ^8) d 
6.42 (d. 2H), 6.18 (d. 2H), 2.09 (s. 6H). 2.01 (s. 3H), 1.94 (s. 6H). 0.36 (s. 6H). NMR (THF 5-8) 5 160 8 
1 29,1 , 1 21 .3, 1 1 5.9. 1 1 5.2, 1 1 2^, 1 06.2, 20.8. 1 4.7. 1 1 .7, 5.2, 

10 

(c) (p-ToluidinoKdlmethyl)(tetramethyl-Tj5K:yc!opentadienyl)siIanetitanlum dichloride 

A slurry of 1.000 g (3.363 mmol) dilithium (p-toluidino)(dimethyl)(tetramethyl-ij5-cyclopentadlenyl)silane 
15 and 1.123 g (3.363 mmol) TiCU(THF)2 in 70 mL toluene. The reaction mixture was stin-ed several days, 
then filtered and the solvent was removed. The resulting solid was slunrfed In pentane and the product was 
collected on a frit and dried under reduced pressure. The yield of olive-brown powder was 0,7172 g, 53,0%. 

NMR (CcDs) a 726 (d. 2H), 7.01 (d. 2H). 2.08 (s, 3H). 2.04 (s, 6H), 2.00 (s, 6H), 0.45 (s. 6H). '^C NMFl 
(CsDs) 5 1 50.3, 141.7. 137,5. 133.9. 130.0, 129,7. 119.6. 21.0. 20.6. 16.4, 16.0, 13.3. 12.8. 2.8. 2,6. 

20 

(d) (p-Toluldino)(dimethyl)(tetramethy 1-1,5 -cyclopentadieny l)silane2irconium dichloride 

To 0.7836 g (3.363 mmol) ZrCU in a flask was slowly added 3 mL diethyl ether, then 4 mL THF. The 
26 excess solvents were removed under vacuum to yield a solid which was broken up to a powder. The solid 
was combined with 1.000 g (3.363 mmol) dilithium (p-toluidino)(dimethyO(tetramethyl-ii5<yciopentadienyl)- 
silane and 70 mL toluene. The slurry was stirred for several days. The initially yellowish slunv turned 
brownish. The yeltow solution was filtered, the solvent removed under reduced pressure and tfie solid was 
slurried in pentane. The pale yellow product was collected on a frit and dried under reduced pressure. The 
30 yiekJ was 0.8854 g (59.1%), NMR (CcDs) a 7.06 (d. 2H). 6.87 (d. 2H). 2.50 (s, 3H), 2.47 (s. 3H), 2.21 (s. 
3H), 1.89 (s. 3H). 1.88 (s. 3H). 0.51 (s. 3H), 0.41 (s, 3H). The structure was shown by x-ray crystallography 
to t>e a LiCHxxTtainlng dimer with bridging chlorides. 



35 Example 92 Preparation of (Ben2ylamido)dimethyl(tetramethylV^clopenadienyl)silanetitanium dichloride. 



(a) (Bef«ylamino)dimethyi(tetramethylcyclopentadienyl)siIane 

40 To a solution of 1,000 g (4.651 mmol) (chloro)(dimethyl)(tetramethyk:yck>pentadlenyl)sllane in 70 mL 
ether was siowfy added 0.528 g (4.651 mmol) lithium benzylamide. The reaction mixture was stin-ed 
overnight then the solvent was removed, the residue was extracted wttti pentane and filtered. The pentane 
was removed under reduced pressure to give the product as a pale yelkjw oil. The yield was 1.234 g 
(03.3%). Mass spec m/e 285 (18%), NMR {(kD^) 5 7.0-724 (m. 5H), 3,71 (d. 2H). 2.73 (br. s. 1H). 1.88 

45 (s. 6H). 1.76 (s. 6H). 0.43 (br t 1H). -0.07 (s. 6H). NMR (CcDc) 5 144.5. 135.7. 132,0. 128,5. 127.3. 
126.7. 56,7. 46.4, 14,6. 11.4. -2.3. 



(b) Dinthlum (benzytamldo)dimettiyl(tetramethylcyclopentadienyl)silane 

50 

To a solution of 1.091 g (3,836 mmol) (ben2ylaminoKdimelhyl)(tetramethytcyclopentadlenyl)silane in 70 
mL ether was skwiy added 3.1 mL of 2.60 M (8.06 mmol) butyl liUilum in mixed C« alkane solvent A pale 
pink cokxr forms along with predpitate. The reaction mixture was stirred overnight The solvent was 
removed under reduced pressure. The resulting solid was slurried In pentane. collected on a frit washed 
55 virith pentane and dried uruler reduced pressure to give the product as a very pale pink powder. The yield 
was 1.105 g (963%). NMR (THF d-8) d 7.15 (m, 4H). 7.00 (t 1H). 4.02 (s. 2H). 2,04 (s. 6H). 1.79 (s, 6H). 
-0.15 (s. 6H). «C NMR (THF d-8) d 152.1. 128.1. 127.9. 125.0. 115.8. 111.9. lOaS. 54.0, 15.0. 11.2, 4,6. 
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(c) (Benzylamldo)dIm6thyl(tetraniethyl-^'<yclop6ntadi6nyi)$llan^^ dichloride 

A slurry of 0.5052 g (1.699 mmol) dilithium (benzylamido){dImethyIXtetramethylV-cyclopentadlen^^^ 
silane and 0.5673 g (1.699 mmol) T1CU(THF)2 In 40 mL toluene was stirred for several days. The dark 
s green-txown reaction mixture was Altered and the solvent was removed. The dark oily residue was slurried 
In pentane and the product was collected on a frit and washed with cokj pentane to remove a dari( oily 
material to give the product as a greenish yellow powder. Yield: 0.2742 g (40.1%). 'H NMR ((kD^) « 7.19 
(m, 2H), 7.02 (m, 3H), 5.37 (s, 2H). 1.99 (s. 6H). 1.98 (s, 6H). 0.03 (s, OH). NMR (CcDj) a 141.4. 140.9. 
135.8, 129.0, 128.8. 126.9, 126.6. 126.3. 111.6. 103.6. 59.3. 15.6. 12,4. 1.7. 

10 

Polymerizatton 

The polymerization procedure of Example 80 was followed using 10 micromoles of the above complex. 
15 The polymer yield was 14.4 g, Mw = Mw/Mn = 5.0, melt index = 251, density = 0.9690. 



Example 93 Preparation of (Ben2ylamido)dimethyl(tetramethylij^-cyclopentadienyl)silane2irconlum dichlo- 
ride ~ 

20 

In a flask were combined 0.3930 g (1.687 mmol) ZrCU, 0.5015 g (1.687 mmol) dlHthium (benzylamido)- 
dimethyl(tetramethylii'-oyclopenla dienyl)silane and 40 mL toluene. The brownish yeltow sluny was stinred 
for several days then filtered and the solvent was removed under reduced pressure. The moist tan residue 
was slurried in pentane and the product was collected on a frit and dried under reduced pressure. Yield of 
25 the off-white tan product: 0.2873 g (38.2%). 1H NMR (CtD*) 5 7.51 (d. 2H). 723 (t. 2H), 7.09 (t 1H). 5.48 (d, 
1H), 5.00 (d, 1H), 2.45 (s, 6H). 2.05 (s, 3), 2.01 (s. 3H), 0.34 (s, 3H). 0.20 (s. 3H). 'K NMR (CjDc) 6 1452, 
135.1, 1322. 131,8. 129.4, 129.0. 128.9, 128.8. 127.0. 126.6. 126.3. 106.6, 572, 16.0. 15.6. 12.5, 11.8. 2.6. 



30 Example 94 Preparation of (Phenylphosphino)dimethyl(tetramethyliy^-cyctopentadienyf)silanetitanium dichlo- 
ride " ' 



(a) (PhenylphosphinoKdimethyl)(tetramethylcyclopentadienyl)silane 

35 

To a solution of 1.500 g (6.983 mmol) (chIoro)(dimethyl))tetramethyk:yclopentadienyI)silane in 55 mL 
THF was slowly added 1.1248 g (7.665 mmol, excess added as GC monitoring Indicated 1:1 reaction was 
incomplete) lithium phenylphosphide (0.4 ether adduct by NMR spectroscopy). The reaction mixhjre was 
stirred several days, then the solvent was removed, the residue was extracted with pentane and filtered. 
40 The pentane was removed under reduced pressure to give the product as a yeltow oil. The yield was 1.985 
g (98.5%). 



(b) Dilithium (phenylphosphido)dimethyl(tetramethylcyclopentadienyl)silane 

45 

To a solution of 1.858 g (6.451 mmol) (phenylphosphino)(dimethyl){tetramethylcyclopentadienyl) silane 
in 85 mL ether was slowly added 521 mL of 2.60 M (13.55 mmol) butyllithium In mixed C« alkane solvent 
with the fonnation of a yellowish precipitate. The reaction mixture was stirred overnight The product was 
collected on a frit and washed with pentane. then dried under reduced pressure to give the product as a 
50 white powder. The yield (0.5 ether adduct by 'H NMR spectroscopy) was 2.0845 g (95.8%). 



(c) (Phenylphospludo)dimethyl(tetramethyl-i|'-cyclopentadienyl)sllanetitanlum dichloride 



55 In a flask were combined 0.900 g (2.668 mmol) dilithium (phenylphospNdo)(dimetiiyO(tetramethyl*iiS- 
cyclopentadlenyl)snane (0.5 ether adduct) and 0.8907 g (2,668 mmoO TiCI4CrHF)2 with 75 mL toluene. The 
color Instandy changed to deep green-black on addition of toluene. The reaction mbcture was stinred for 
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and filtered to leave a ^Ben-brown prcxluct on the frit (02477 g) and a black glassy product on removal of 
the pentane from the filtrate. 



6 Polymerization 

The polymerization procedure of Example 80 was followed using 10 micromoles of the above complex. 
The polymer yield was 14.4 g, Mw = 27,700. Mw/Mn = 5.0, melt Index « 251. density = 0.9690. 

10 

Stample 95 Preparation of (Phenylphosphldo)dimethyl(tetramethyl-i>^-cyclopentadlenyl)siiane2lrconium di- 
chloride ' ~ — 



To 0.6217 g (2.668 mmol) ZrCU in a flask was slowly added 3 mL diethyl ether. The excess solvent 
15 was removed under vacuum to yield a solid which was broken up to a powder. The solid was combined 
with 0.9000 g (2.668 mmol) dilithium (phenylphosphido)dimethyl(tetramethyl-i|^-cyclopentadienyl)silane and 
75 mL toluene- The color changed to deep red-orange on addition of toluene. The reaction mixture was 
stirred for several days, then the orange solution was filtered from a large quantity of dark insoluble material 
and the solvent was removed. The residue was slurried with pentane and filtered. A brown solid was 
20 collected on a frit and dried under reduced pressure. 



Example 98 Preparation of (Tert-butylamido)dimethyl(indenyl)sitanetitanium dichloride 



25 

(a) (Tert-butyIamino)dimethylOndenyl)silane 

To a solution of 5.255 g (71.8 mmol) tert-butyl amine in 75 mL ether was added 3.000 g (14.4 mmol) 9- 
(chlorodlmethylsilyl)indene. Precipitate formed within a few minutes of the start of the addition. The sluny 
00 was stirred overnight then the solvent was removed, the residue was extracted with pentane and filtered. 
The pentane was removed under reduced pressure to give the light-yellow oil product as a mixture of two 
isomers. The yiekl was 3.313 g, (93.9%). 



35 (b) Dilithium (tort-butylamklo)dimethyt(indenyl)sitane 

To a solution of 3.125 g (12.73 mmol) (tert-butylamino)dimethylfindenyl)s«ane in 75 mL etiier was 
stowty added 10.28 mL of 2.60 M (26.73 mmol) butyWithium in mixed C« alkane solvent The color of the 
predpitate-free solution daricens slightly to beige-orange. The reaction mixture was stirred several days, 
40 flien the sohrent was removed. The fluffy, glassy nrvaterial was slunied witti pentane. The powder clumps 
togett>er. The pentane was decanted and the washing procedure was repeated several times, then the solid 
was dried under reduced pressure. The yield was 2.421 g (73.9%), 



^ (c) (Tert-butylamido)dImethylOndenyl)silanetitanlum dtehtoride 

In a flask were combined 1.000 g (3.887 mmol) diBUiium (tertbutylamido)(dImethyl){indenyl)silane and 
1.298 g (3.887 mmol) TiCU(THF)2 witt) 70 mL toluene. A deep red color devetoped instantiy. The reaction 
mixture was stirred three days, then filtered, and tfie solvent was removed. The residue was extracted witti 
50 pentane and filtered to give the product as a red microcrystalline material. The yield was 0.4917 g (34.9%). 



Polymerization 




56 



The polymerization procedure of Example 80 was followed using 10 microntoles of the above complex. 
The polymer yiekl was 1 4.8 g. 



• # 
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Example 97 Preparation of (Tert-butylamido)d]methyl(lnd6nyl)sllanezirconium (fichlorlde 



To 0^57 g (3.887 mmol) 2^U in a flask was slowly added 2 mL THF. The excess THF was removed 
under vacuum to yield a solid which was broken up to a powder. 1.000 g (3.887 mmol) dilithlum 
6 (tertbutylamido)dimethyl(indenyOsnane was added atong with 70 mL toluene. The resulting slurry was stirred 
for several days after which the solution was filtered and the solvent renK>ved under reduced pressure. The 
residue was slurried in pentane, filtered and dried under reduced pressure. The yield of brown-biege 
product was 0.5688 g (36.0%). 

10 

Example 98 Preparation of (MethylamtdoXJimethyl(tetramethylV-cyck>pentadleny()sllanetitanium dichioride 



(a) (Methy lamino)dimethy!(tetramethyl-ii' -cyclopenladieny l)-silane 

To a solution of 1.900 g (8.845 mmol) (chloro)(dimethyl)(tetramethyk:yck)pentadienyl)silane in 75 mL 
THF was quickly added 0.3272 g (8.846 mmol) lithium methylamlde. The dear solution was stirred 
overnight then additional lithium methylamide (0.008 g. 9.062 mmol total) was added as gas chromatog- 
raphy (GC) indicated the reaction was incomplete and the solution was stinred overnight again. The solvent 
20 was removed, tiie residue was extracted witii pentane and filtered, and the pentane was removed under 
reduced pressure to give tiie product as a very pale yellow oil. The yiekj was 1.698 g (91.7%). Mass spec, 
m/e 209 (13 percent). NMR (CcD«): 5 2.82 (s, IH). 2.33 (d, J = 6.6 Hz. 3H). 1.95 (s, 6H). 1.83 (s, 6H), 
-o0.04 (s. 6H). '^C NMR (C^Dc: 5 135.4. 132.7, 56.1, 27.8. 14.0. 11.0, -3.5. 

25 

(b) Dilithium(methylamido)dimethyl(tetramethylcyclopentadienyl)silar)e 

To a solution of 1.563 g (7.463 mmol) (metiiytamino)(dimethyl)(tetramethylcyck)pentadi6nyl) silane In 65 
mL ether/pentane (1:1) was slowly added 6.03 mL of 2.60 M (15.7 mmol) butylfithlum In mixed Cc alkane 
solvent The solution turned to a thick syrup which broke down to a slurry. The reaction mixture was stirred 
overnight then filtered. The solid was washed several times with ether, then with pentane, then dried under 
reduced pressure to give the product as a white powder. The yiekj was 1383 g of a 025 ether adduct as 
determined by NMR spectroscopy. 'H NMR (THF 5-8) 5 3.41 (q,J = 7.0 Hz, IH), 2.45 (s, 3H), 2.01 (s, 
6H). 1.93 (s. 6H). 1.11 (t J = 7.01. .5H), 0.01-0.14 (br. 6H). 



(c) (Methylamkjo)dimetiiyl(tetramethyl*i}^-cyclopentadienyl)silanetitanium dichkyide 

To a solution of 0.6708 g (2.597 mmoO dilitfiium {methylamldo}dimethyl(tetramettiylV'Cyclopen* 
40 tadienyOsilane in 80 mt THF was added all at once 0.9623 g (2.597 mmoQ T1Cl3(THF)3. The solution 
immediately turned intense brown-orange. The reaction mixture was stirred four days, ttien 1.861 g (12.98 
mmoO AgCl was added. The slurry was stirred several days after which the reaction mixture was filtered 
and the solvents were removed under reduced pressure. The residue was extracted with toluene, the dark 
orange- t)rown solution was filtered and the solvent was removed. After extraction witti pentane and 
45 filtration, the filtrate was concentrated to a light brown slurry in a dark red sohjtkxi. After cooling to -30*C, 
the bright yeltow product was collected on a frit washed with pentane and dried under reduced pressure* 
The yiekJ was 0.3168 g (37.4%). NMR (C^Ds): « 3.64 (s.3H), 1.97 (s. 6H). 1.95 (s. 6H), 0.21 (s, 6H). ^^C 
NMR (CsDs): S 140.5, 135.5, 103.0. 41.8. 15.5, 12.3, 0.6. 

so 

Polymerization 

The polymerization procedure of Example 80 was foltowed using 10 micromoles of ttie above complex. 
The polymer yield was 302 g. 

55 



30 



3S 



# 
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In a flask 0.5705 g (2.448 mmoQ ZrCk and 0.6318 g (2.446 mmoO dllithlum (methylamldo)dimethyl- 
(t8tramethylV-cyciopentadienyf)sJlane were combined with 75 mL toluene. The slurry was stirred for 
several days after wtilch time the resulting pale green solution was filtered* and the solvent was removed 
under reduced pressure. The residue was slurried In pentane, collected on a frit, washed witti pentane and 
5 dried under reduced pressure. The yield of very pale powder blue product was 0.6162 g (68.2%). NMR 
(C^tk): 5 3.50 (8, 3H), 2.49 (s. 3H) 2.36 (s, 3H), 2,14 (s, 3H), 2.10 (s, 3H), 0.46 (s. 3H), 0.43 (s, 3H), 



Example 100 Preparation of 1-{Tert-butylamldo>-2-(tetramettiyh>^<yclopentadienyl)ethanedlyltitanium di 
10 chkxide 



(a) Ethyl 2-(tetramethylcycIopentadienyl)ac8tate 

IS A solution of 3.822 g (22.89 mmol) ethyl bromoacetate in 25 mL THF was cooled to -78* C and 3.000 g 
(20.80 g) sodium tetramettiylcyclopentadienide in 50 mL THF was slowly added to It The resulting slurry 
was allowed to warm to room temperature and was stirred overnight The solvent was removed, Uie residue 
was extracted with pentarte and filtered. The pentane was removed to give a mixture of isomers. Yield was 
3.733 g (86.3%). Mass spectra m/e 208 (41 percent). 

20 

(b) 2-(Tetramettiylcyclopentadienyl)tert-butyl acetamide 

16.35 mL of 2.00 M (32.7 mmol) trimetiiyl aluminum in toluene was added to 2.39 g (32.7 mmol) tert- 
26 butytamine In 50 mL toluene. The solution was stirred for 45 minutes, then 3.40 g ethyi-2-tetramettiyl- 
cydopentadlenyl acetate was added. The reaction mixture was stirred for several days while genUy 
warming. After aqueous workup the product amide was obtained as a mixture of three isomers as an orange 
semicrystainne paste. Mass spectra m/e 235 (21%). 

00 

(c) 1 -(lert-butylamino>-2-(tetramettiy Icydopentadieny Oettiane 

The amide mixture was dissolved in 120 mL ether and 0,830 g (21.8 mmol) lithium aluminum hydride 
was added. The reaction mixture was stinred ovemight under gentie heating. Monitoring by GC indicated the 
35 reaction was incomplete. The ether was replaced by THF, more littiium aluminumhydride was added and 
the solution was refluxed for several days. After aqueous workup three 1-(tert-butylamlno)-2- 
(tetramethyk:yclopentadlenyl)ethane isomers were obtained. Mass spectra m/e 221 (11%). 

40 (d) Difittiium 1-{lertbutylamWo)-2-(tetramethyH'-cyclopentadienyl)ethane 

To a solution of 2.(X) g (9.05 mmol) (tert-lxjtylamino)-2-{tetramethyIcyclopentadlenyOethane isomers (67 
percent 1Klertbutylamino)-2-(2,3.4.5-letramettiylcyclopentacfl-2.4-enyl)ettw^ by GC. 1.34 g (6.06 mmol)) in 
50 mL eti^ was slowly added 6.09 mL of 2.60 M (15.8 mmol) butyllitiilum in mixed afkane solvent with 
46 formation dl a yellow precipitate. The reaction mixture was stirred three days, tiien filtered. The light yellow 
powder was washed several times witti ether, then dried under reduced pressure. The yield was 0.7908 g 
(55.9%). NMR (THF d-8): B 2.43 (br m. 4H). 1.85 (s. 6H). 1.83 (s. 6H), 1.00 (s. 9H). «C NMR (THF d-8): 5 
1095, 107.3. 106A 50.5, 45.4, 29.4. 28i 20.2. 10.9. 10A 

60 

(e) 1<rert4xjtyiamkioh2-^tiramettiytV*cyclopentadlenyl)ethanediyltitani^ dichtoride 

In a flask 0.3650 g (1.565 mmoO diPrthium 1-tert-butylamkJo)-2-(tetramethyk:yclopentadienyl)ethane and 
0.5799 g (1565 mmoQ T1CI3(THF)3 were combined with 60 mL THF. The solution quickly turned green. The 
5$ reaction mbctura was stinred overnight ti^ 1.121 g (7.82 mmoO AgCI was added. Within a few minutes the 
cokx* began to change to brownish orar>ge. The slurry was stirred two days and the solvents were removed 
under reduced oressure. The residue was extracted with toluene, ttie solution was filtered and the solvent 
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bright orange product was collected or> a frit, washed with a small amount of cold pentane and dried under 
reduced pressure. The yield was 0.1904 g (36.0%)* NMR (CcO«): B 4.01 (t. J » 72, 2H). 2.58 a J « 
7Z 2H). 2.02 (8, 8H>, 1.89 (s. 6H). 1.41 (s. 9H), NMR (CjDs): S 138.0, 129.3, 128.6, 89,1. 62.7, 28.8, 
24.9, 13.0. 12.3. 

Polymerization 1 

The polymerization procedure of Example 80 was followed using 10 micromoles of the above complex. 
TO The polymer yietd was 64.8 g. melt index = 3.21, density = 0.9262. 



PolymerizaBon 2 

ts The above polymerization procedure was repeated excepting that 0.95 micromoles of 1-(tert* 
butylamido)-2-tetramethyl-ii^-cyclopentadienyi)ethanediyHjtanium dichloride was added to begin the poly- 
merization. The polymer yield was 11.4 g. melt index <0.1, density = 0.91 19. 



20 Polymerization 3 

The above polymerization procedure was repeated excepting that 2.5 micromoios of l-(tert-butylamldo)- 
2-(tetramethyl-ij'-cyciopentadienyl)ethanediyltitanium dichloride was added to begin the polymerization. In 
addition, 300 mt of octene and 900 mL of isopar was used, and no hydrogen was used. The polymer yield 
2S was 36.2 g. mett index = 0.21, density - 0.9190. 



Polymerization 4 

30 The conditions of atx>ve polymerization 1 were repeated excepting that the temperature was 90* C. The 
polymer yield was 66.7 g, melt index = 0.16. 

Example 101 Preparation of 1-{Tert-butyiamido)-2-{tetramethylV-cyclopentadienyl)ethanediyIzirconium di- 
36 chloride 

In a flask 0.3862 g (1.857 mmol) ZrCU and 0.3866 g (1.657 mmol) diiithium [Htert-butylamldo)-2- 
(tetramethyl-^'-cyclopentadtenyl)ethane] were combined with 50 mL toluene. After stinlng several days. 1 
mL THF was added and the slunry was stirred for an additional day after which time the solution was 
40 filtered, and the solvent was removed under reduced pressure. The solid was slunried in pentane. collected 
on a frit, and dried under reduced pressured. Yield of paie yellow product was 0.6307 g (99.8%). NMR 
(CtD«): 5 2.75 ft of d, 1H), 2.38 (m. 2H). 2,11. (s. 6H) 2.03 (s, 3H). 2.00 (s. 3H), 1.75 (t of d, 1H), 1.08 (s. 
9H), NMR (C«D«): 5 131.5. 128.7, 126.8. 126.5. 126.2, 56.9. 50.9. 27.9, 23.1, 13.4. ^ZJZ, 1^6. 12.5. 

45 

Example 102 Terpolymer Polymerization 



Mixtures of ethylene, styrene and another additional potymerizable monomer were polymerized using 
(tert-butylamido)dimethyl(tetramethyl-i}^-cydopentadienyl)silanetita^^ dichloride complex and K/IAO 
so cocatalyst in an amount to provide an atomic ratio Aim of 1000:1. Reaction conditions and results are 
contained in Table Vi. 
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Example 103 Slurry Polymerization 

5 

The following example demonstrates the use of a catalyst of the present Invention under slurry 
conditions- The procedure of Examples 11-32 was substantially followed, excepting that the reaction was 
run under conditions where the polymer was Insoluble in the reaction medium and predpltated from the 
reaction mixture as it formed. The temperature was 70* C, 10 mL of octene. 1190 mL of mixed alkane 
10 solvent and 5 mL of 15 percent MAO in toluene (1280 AI:Ti) were used. After 20 minutes, the reactor was 
drained to give 4.6 g of polymer. Additional solvent was added to the reactor and heated to 170*C to 
remove the polymer that had formed long filaments and wound around the stinrer. The melt index was 0.28. 



IS Example 104 Preparation of (Tert-butylamido)dimethyl(tetramethyh5-cyc!opentadienyl)s ilanetitanium(!!l) 
chloride ' ' 

In the drybox, 0.24 g of TiCl3(THF)3 and 0.33 g of Me4CsSiMe2N.t-BuMg2C!2CTHF)2 were mixed. 15 mL 
Of THF was added, resulting in a deep purple color. After 30 minutes the volatile materials were removed 
20 under reduced pressure to leave a daric solid. Toluene (15 mL) was added, the solution filtered, and the 
toluene was removed under reduced pressure to leave a red-purple powder, 0.22 g. 



Polymerization 

25 



The polymerization procedure of Example 80 was followed using 10 micromoles of the above complex. 
The polymer yield was 55.1 g, melt index = 1.71. 



00 Example 105 

The polymerization procedure of Example 80 was followed using 10 micromoles of (tert-butylamidoh 
dimettiyl(tetramethyl-ij5^ycio pentadienyl)silanetitanium dichloride. The polymer yield was 76.4 g. Mw = 
56.700, Mw/Mn =» 4.5. density = 0.8871. melt index (I2) = 10.13. 

36 

Example 106 

The polymerization procedure of Example 105 was substantially followed except thai the temperature 
40 was 80* C. the amount of catalyst used was 2.5 micromoles. the amount of Kctene used was 250 mL. and 
ttie amount of mixed alkane solvent used was 950 mL The reaction was allowed to proceed for 1 hour. The 
polymer yield was 51,1 g. The melt index was 0.11. 



45 Example 107 Preparation of (Tert-butyiamido)dimettiyl(tetrametfiylcyciopentadlenyl)si!anehafnium dichloride 



In the drybox. 0,50 g of HfCU was suspended in 110 mL of toluene. 10 mL Of THF was added, the 
slurry was stirred for 5 minutes, and 0.77 g of Me4C5SiMe2N-t-BuMg2a2(THF)2 was added. THe solution 
was heated to reflux. After 30 minutes, the solution was cooled, and the volatile materials were removed 
50 under reAiced pressure. Pentane (20 mL) was added, ttie solution was filtered, and the pentane was 
removed under reduced pressure to leave a white solid. This solid was washed with a small quantity of 
pentane to yield 0.077 g (10%) of a white solid, 1H NMR (CcDe): 5 2.08 (6H), 1,30 (9N), 0.44 (6H), 

When ethylene was polymerized substantially according to Uie procedure of Example 7, a small amount 
of polyethylene was recovered. 

55 
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The polymerization procedure of Example 105 was followed except that the catalyst was pentamethyl- 
cyclopentadlenyltitaniuni trichloride. The polymer yield was 4.6 g. 



5 Comparatfve 2 

The polymerization procedure of Example 97 was followed except that the catalyst was (tert- 
butylamido)pentamGlhyl-i|5-cyctopentadieny (titanium dichloride (^H NMR (CcDt): 5 2.07 (s. 1H), 1.88 (s. 
15H), 1.35 (s. 9H). NMR (CtDs): 3 61.0. 31.3. 12.6). The polymer yield was 2.0 g. 

10 

Comparative 3 

The polymerization procedure of Example 105 was followed except that the catalyst was bis-(tert- 
15 butylamido)dImethylsilar>etitaniiffn dichloride. No polymer was observed after 10 minutes of reaction. 



Comparative 4 

20 The polymerization procedure of Example 105 was followed except that the catalyst was dicyclopen- 
tadienylzirconiun) dichloride. The polymer yield was 109.0 g. Mw = 16.300. Mw/Mn = 3.63, melt Index 
ASTM D-1238 Procedure A, condition E. I2, was greater than 1.000 indicating a very low molecular weight 
polymer. 

25 

Comparative 5 

The polymerization procedure of Example 105 was followed except that the catalyst was dicyclopen- 
tadienyltitanium dichloride. The polymer yield was 7.3 g, melt Index, ASTM D-1238 Procedure A, condition 
30 E, la, was greater than 1,000 indicating a very low molecular weight polymer. 



Claims 

35 1. A metal coordination complex comprising a melai of Group 3 (other than scandium), 4*10 or the 
ianthanlde series of the Periodic Table of the Bements and a delocalized n-bonded moiety substituted with 
a constralnHnducing moiety, said complex having a constrained geometry about the metal atom such that 
the angle at the metal between the centroid of the delocalized, substi'tuted n-bonded moiety and the center 
of at least one remaining substituent is less than such angle (n an comparative complex differing only in that 

40 said constrain-indudng sutjstituent Is replaced by hydrogen, and provided further ttuit for such complexes 
comprising more ttian one delocalized, substituted n-bonded moiety, only one thereof fty each metal atom 
of the complex Is a cycfic, delocalized, substituted n-bonded moiety. 

2, A metal coordination complex as claimed in Claim 1 , wherein said delocalized n-bonded moiety is an 
alkene. alkenyl, aUcyne, alkynyl, allyl, polyene or polyenyl moiety. 

45 Z, A metal coordination complex as claimed in Claim 1. wherein said delocalized n-bonded moiety Is a 
cyclic moiety. 

4. A metal coordination complex as claimed in Claim 3, wherein said cyclic moiety Is cyclopentadienyl or 
substituted cyclopentadienyl mdety. 

5. A metal coordination complex as claimed in aaim 3 or Claim 4, wherein said cyclic moiety fomis part of 
50 a ring structure in which said metal is both bonded to an adjacent covalent moiety and held In association 

with said cycCc moiety. 

6. A metal coordination complex conresponding to the fonnnula: 
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Z 



Cp» 



6 



(X) 



n 



wherein: 



10 M is a metal of Group 3 (other than scandium), 4-10. or the lanthanide series of the Periodic Table of the 
Elements; 

Cp* is a cyclopentadienyl or substituted cyclopentadienyl group bound in an i|' bonded mode to M: 
Z is a moiety comprising boron, or a member of Group 14 of the Periodic Table of the Elements and 
optionally sulfur or oxygen, said moiety having up to 20 non-hydrogen atoms, and optionally Cp" and Z 
75 together form a fused ring system; 

X each occurrence is an anionic ligand group or neutral Lewis base llgand group having up to 30 non- 
hydrogen atoms; 

n is 0. 1, 2, 3 or 4 depending on the valance of M; and 

Y is an anionic or nonanionic ligand group bonded to Z and M comprising nitrogen, phosphorus, oxygen or 
20 sulfur and having up to 20 non-hydrogen atoms, and optionally Y and Z together form a fused ring system. 

7. A metal coordination complex as claimed in Claim 6, wherein the substituted cyclopentadienyl group is 
cyclopentadienyl substituted by one or more Ci-ao hydrocarbyl. Ci-ao halohydrocarbyl, halogen or Ci-ao 
hydrocarbyl-substituted Group 14 metalloid or is indehyl, tetrahydrolndenyl, fluorenyl or octahydrofluorenyl. 

8. A metal coordiantion complex as claimed in Claim 6 or Claim 7. wherein each X is hydride, halo, alkyi, 
25 sily. germyi. aryl, amide, aryloxy, alkoxy. siloxy, phosphide, sulfide, acyl, cyanide, azide or acetylacetonate. 

9. A metaJ coordination complex as claimed in Claim 6 corresponding to the formula: 



whrein R each occurrence is hydrogen or a moiety selected from alkyl, aryl, silyl, germyi, cyano, halo, or a 
combination thereof having up to 20 non-hydrogen atoms or an adjacent pair of R' groups form a 
hydrocarbyl ring fused to the cyclopentadienyl moiety; 

X each occurrence is hydride or a moiety selected from halo, afkyl, silyl. germyi, aryl. amide, aryloxy, 
aikoxy. sik)xy and combinations thereof having up to 20 norWiydrogen atoms and neutral Lewis t>ase 
ligands havirig up to 20 non-hydrogen atoms; 

Y is -0-, -S-, -NR*-. -PR*-, or a neutral two electron donor ligand selected from of OR', SR', NR*2, or PR'2; 
M is as previously defined: and 

Z is SiR*2, CR-2. SiR'2SiR*2. CR'zCR'z. CR* = CR*. Cr*2SiR*2, GeR'2, BR-. BR*2; 

R* each occurrence is hydrogen or a moiety selected from alkyl. aryl, silyl, halogenated alkyl, halogenated 
aryl groups, and combinations thereof having up to 20 non-hydrogen atoms or two or more R* groups from 
Y, Z, or both Y and 2 form a fused ring system. 

10. A metal coordination complex as claimed In Claim 8. wherein Y Is an amido or phosphide group 
corresponding to the formula -N*- or -PR*-, wherein R* Is C1-10 alkyl or aryl. 

11. A metal coordination complex as claimed in Claim 10 which is an amidosilane or amidoalkanediyl 
compound corresponding to the formula: 
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wherein: 

M is tftanium. zirconium or hafnium, bound in an ^' bonding mode to the cyclopentadlenyl group; 

R each occurrence is hydrogen or a moiety selected from silyl, alkyi, aryl, or combinations thereof having 

up to 10 carbon or silicon atoms: 

E is silicon or cartxxi; 

X each occurrence is hydride, halo, alkyl, aryl. aryloxy. or aII<oxy of up to 10 cartx>ns; 
m is 1 or 2: and 

n is 1 or 3 depending on the valence of M. 

12. A metal coordination complex as claimed in Claim 11, wherein each R is hydrogen, Ci-< alkyl, 
nort>omyl, benzyl or phenyl or R on the cyciopentadienyl moiety form with said moiety an Indenyl, 
tetrahydroindenyl, fluorenyl or octahydrofluorenyl group; and X is chloro, bromo, iodo. Ct-< alkyl, norbomyl, 
benzyl or phenyl. 

13. A metal coordination complex as claimed in any one of Claims 1-5, wherein said angle Is decreased by 
at least 5 percent compared with said comparative complex. 

14. A metal coordination complex as claimed in Claim 13. wherein said angle decrease is at least 7.5 
percent 

15. A metal coordination complex as claimed in Claim 13 or Claim 14, wherein said metal is a metal of 
Group 4 or lanthanide metal and said angle is less than 115* , 

16. A metal coordiantion complex as claimed in Claim 15. wherein said angle is less than 105* . 

17. A metal coordination complex as claimed in any one of Claims 1 to 10 and 13 to 16. wherein said metal 
is of Group 4 or lantfianide metal. 

18. A metal coordination catalyst as claimed in Claim 17, wherein said metal is tftanium, zirconium or 
hafnium. 

19. A metal coordination complex selected from (tert-butylamido) {letramethyl-i|5-cyctopentadienyl>-1^- 
ethanediytzirconlum dichkxide, (tert4xjtylamidoh(tetramethyH5-cyck>pentadienyl>-1,2-ethanediyltit^ di- 
chkxlde, (methylamidoHtetramethyh»5^clopentadienyl)-1 .2-ethanedlyl-zirconium dichtoride. 
(methylamktoKtetramethylV<yclopentadienyl>-1.2-ethanediyltitanium dichkxide, (ethylamido)(tetramethyl- 
f*-cydopentadtenyl>-methytenetitanium dichtoride, (tert-butylamkjo)dimethyKtetramethyl-ij*-cyclopen- 
tadienyl)silanetitanium dichtoride, Ctert-butylamido)dimethyl{tetramethyl-n'-cyctopentadlenyl)slIanezlrconIum 
dibenzyl. {benzylamido)dImethyl(tetramethyl-,5. cyclopentadienyl)silanetitanium dichk>ride, and 
(phenylphosphido)dimethyl(tetramethyl^'K:yclopentadienyl)silan^ dibenzyl. 

20. A catalyst useful in addition polymerizations comprising 

a) a metal coordination complex as claimed in any one of the preceding claims, and 

b) an activating cocatlyst 

21 • A catalyst as claimed in Claim 20, wherein said activing cocatalyst comprises an aluminum compound. 

22. A catalyst as claimed in Claim 21, wherein said aluminum compound Is an alkylalumlnoxane. aluminum 
alkyl, aluminum halide. or aluminum alkylhalide. 

23. A catalyst as dain^ In Claim 20, wherein said activating cocatalyst comprises a Lewis add. 
amnK>nium salt or noninterferirtg oxidizing agent 

24. A catalyst as claimed In Claim 21 . wherein the activating cocatalyst Is selected from alkylaluminoxanes, 
arKl compounds corresponding to the formula: 

ALR«xV 
wherein: 

RJs each occunrence Ci-io alkyl or aralkyi: 
X Is hatogen; and 
n is 1.2or3. 

25. A process for preparing a metal coordination complex as daimed in Claim 6 comprising. 

(a) contacting a metal compound of the formula MX^^z or MXq*i. or a coordinated adduct thereof with a 
dlantoi^ salt compound corresponding to the formula* 
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(L + x)y(Cff-Z-Y)-» or (LX') + x)y(Cp*-Z-Y)-2 
wherein: 

n, Cp*, M, X Y, and Z are as defined In Claim 6: 
L Is a metal of Group 1 or 2 of the Periodic Table of the Elements. 
5 X and y are either 1 or 2 and the product of x and y equals 2, and 
X Is fluoro, bromo, chloro or iodo. 

In an inert aprotic solvent, and. when the metal compound is of the formula MXn^i; 

(b) contacting the product of (a) with a ooninterfering oxidizing agent to raise the oxidation state of the 

metal. 

10 26. A process for preparing a catalyst as claimed in Claim 20, comprising contacting a complex as defined 
in Claim 1 or Claim 6 with an activating cocatalyst 

27. An addition polymerization process for preparing a polymer by contacting one or more addition 
polymerizable monomers with a catalyst under addition polymerization conditions characterized in ttiat the 
catalyst is as defined in any one of Claims 20 to 24. 
76 28. A process as claimed in Claim 27, wherein the addition polymerizable monomers are selected from 
ethylenically unsaturated monomers, acetylenic compounds, conjugated or nonconjugated dienes, and 
polyenes having from 2 to 20 cartx)ns. and cart>on monoxide. 

29. A process as claimed in Claim 27, wherein an alpha olefin is copolymerized wiUi a vinylidene aromatic 
or hindered aliphatic vinyl monomers. 
20 30. A process as claimed in Claim 29. wherein ethylene is copolymerized with a styrene or a vinylcyclohex- 
ene. 

31. A copolymer comprising ethylene and an olefin other than etiiylene obtainable by a process as defined 
in Claim 27 and having a melt index less than 200 {(I2). ASTM D-1238 Procedure A, condition E) and an 
elastic modulus greater than 1000 dyne/cm^. 
26 32. A copolymers as claimed in Claim 31 , wherein tiie olefin otiier than ethylene is propylene, isobutylene. 
1-butene, 1-hexane, 4-methyl-1-penlene or 1-octene. 

33. A pseudo-random polymer comprising an interpotymer of an olefin and a vinylidene aromatic monomer 
and obtainable by a process as defined in Claim 27. 

34. A polymer as claimed In Claim 33, comprising ethylene and a styrene. 

30 35. A pseudo-random polymer comprising an interpolymer of hindered aliphatic vinylidene compound and 
an alph-olefin and obtainable by a process as claimed in Claim 27. 
36. A polymer as claimed in Claim 35. comprising ethylene and a vinylcyclohexane. 
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FIG.7 
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